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Regulatory genes of HIV-l, HIV-2, and SIV are important in
modulating virus infection and infection and transmission in vivo.
Viral proteins R. (VPR) and X (VPX) and the negative factor (NEF)
are three of the least well characterized regulatory proteins.
Identification of their functions, their mechanisms of actions,
and structure-function relationships of each protein, in vitro and
in vivo will assist in our understanding of the pathogenesis of
HIV induced disease. This information will be critical in defining
therapeutic approaches to suppression HIV-l infection, replication,
and transmission.
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m ,dmisaw of Cytotoxicity of the AIDS virus O:mtract No. MM17-90-C-0125
P.I.: Lee ftPAWr, M.D., Ph.D. Basic

Mice current stuiy examined the funincrs of the V•, Vpx, and Nef regulatory
proteins of tnmn n i ficienry viruses. Vpr ws found to be inportant for
proctive infection of =mcytes by BiV-1 but cxold be replaced by Vpi. Several
Vpr mutants have been cawstuxcted in viral clones and expressicn vectors and a Vpr
antibckx raised far further szucure-functicn studies of this protein. VPr was
shc~n to be pacdaged into virus particles, and this rejuired only the Gag proteins
of h-l•-i. The C-terminus of the Pr55 Gag precursor, which includes the p6 domain,
was necessary and sufficient for Vpr uxxrporaticn into the virus particle.
Callular localizaticn stIdies for Vpr dem trated that a significant prcparticn of
the protein accumulated in the nucleus. The nuclear localizaticn signal of Vpr was
mapped to a basic domain in the C-terminus of the molecule. This activity of Vpr

was critical for the nuclear import of newly synthesized viral ENA in quiescent
cells. Studies of Vpx shw that it was associated with gag p27 in the virus
particle. Fbrtheri-m-e, Vpc played a role in virus infection of primary lymlyxcytes
at low multiplicities of infection. Studies of Nef demonstrated an inhibition of
transcription of the HIV-I LIR and 1U2 praumter mediated by itiibiticn of NF-kB and
AP-1 binding. vewr, the effects of Nef could be bypassed by activating T cells
throug the ¶fF receptor, ILI receptor, or IPS receptor. Effects of Nef could also
be overoxme by the addition of phosplipase C, suggesting that the effects of Nef
are on early T cell activation events. Studies of Nef mutants demonstrated a role
for myristoylaticrn in anrharirq the protein to the cytoskeletcr. Nef was also shown
to mediate dc•mudulaticn of cell surface expression of (1C4 throug the lck binding
domain of CD4.
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Mechanism of Cytotcadcity of the AID6S Vi s Comtract Nu. DHD17-90-C-0125
P.I.: Lee Ratner, M.D., Ph.D. Basic

(5) fNlIiI ¶ N - Derived froim the original Contract Proposal

a) Technical Objectives

1. To____ efine the furction of viral protein R (VPR)

a. Express HIV-I, HIV-2, and SIV vpr genes in E. coli
b. Develop atibxxies to reoxiirnat VPR products
c. Deternnme size(s) of VPR products in acute and chronically infected lymphoid and monxcytoid

cells infected with HIV-I, HIV-2, and SIV
d. Determine cellular localization of VPR
e. Assess ao- and post-translational modificaticns of the VPR proteins
f. Isolate cDNAs encoding VPR
g. Determine role of VPR in HIV-I, HIV-2, and SIV replication in a variety of lnphoid and

nmnocytoid cells
h. Determine nechanisi of action of VPR in enhancing HIV-1 infectivity and/or replication in Mr4

lyn~ioid cells
i. Determine role of V[R in vivo with a ;F riate - n l sytetms
j. Dete=qm role of VPR in nndilating disease in HIV-1 infected hk wns

2. To determine the function of viral rrotein X MVPO

a. To assess effects of VPX on replication and cytcpathicity of HIV-2 in T lymhioid and monom toid
cells

b. To determixe cellular localization of VPX in HIV-2 infected cells
c. To determine if there are co- or post-translaticnal modificatims of VPX
d. To assess twhther VPX proviral mutants can be carlenvmted in trans by a VPX expressimn clone
e. To determine strucUre-relatish of VPX
f. To assess effects of VPX on replication and cytcpathicity of SIV in T ly*)id and nunocytoid

cells
g. To assess role of VPX in vivov with animal nol systeme

3. To determine function and mechanism of action of NEF

a. Tb determine relative effects of HIV-1 NEF on viral RI tzanscription, deradationn, and
nuclear-cytoplasmic transport

b. To characterize NEF responsive sequences
c. Tb characterize nechanism of transcriptional suppression by NEF
d. To determine role of hoshrylation, GTP binding, GTPase activity, and myristoylatim acceptor

activity in NEF activity
e. To determine effects of NEF on cellular proteins including thoee which may modulate HIV-I

infectivity or replication
f. To determine role of NEF in HIV-2 and Sir replicatian
g. Tb determine role of NEF in vivo with animal model syste
h. To determine role of NEF in mduklating manifestations of HIV-l infection in humans
i. Tb determine therapeutic role of a retrovirus expressing NEF

6



b) Hypotheses

Regulatory genes of HIV-l, HIV-2, and SIV are important in modulating
virus infection and transmission in vivo. Viral proteins R (VPk) and X
(VPX) =nd the negative factor (NEF) are three of the least well charac-

terized regulatory proteins. Identification of their functions, their
mechanisms of actions, and structure-function relationships of each protein,
in vitro and in vivo will assist in our understanding of the pathogenesis of

HIV induced disease. This information will be critical in defining thera-

peutic approaches to suppressing HIV-I infection, replication, and trans-
mission.

c) Background

i) Basis

HIV-l and HIV-2 cause a slowly progressive immunosuppressive disorder

in humans. One species of simian immunodeficiency virus (SIV) derived from
rhesus macaques, SIV-MAC, can cause a similar disorder in this species of
monkeys (Chakrabarti et al., 1987). Related lentiviruses ace found in other

species of monkeys including mandrills (Tsujimoto et al., 1989), sooty
mangabeys (Hirsch et al., 1989), and African green monkeys (Fukasawa et al.,

1988). More distantly related lentiviruses causes immunosuppression in cats
(feline immunodeficiency virus) (Pederson et al., 1987; Luciw et al., 1989),

sheep (visna virus) (Haas et al., 1985), goats (caprine-arthritis encepha-
litis virus) (Narayan & Cork, 1985), and horses (equine infectious anemia
virus (Issel et al., 1986).

These viruses are biologically and structurally related. They differ
from avian and murine retroviruses in the complex nature of their genomes

In addition to genes encoding structural and enzymatic virion
proteins, GAG, kOL, and ENV, these viruses all encode a number of regulatory

proteins (Haseltine et al., 1988). Seven regulatory proteins have been
identified thus far.

TAT is a positive feedback regulator of expression of virion and

regulatory proteins, working primarily at the level of transcriptional
initiation or elongation, and to a lesser degree at a post-transcriptional

level.

REV is a differential regulator that increases expression of virion

proteins at the expense of regulatory proteins by increasing the transport
of unspliced and singly spliced mRNAs from the nucleus to the cytoplasm and

by increasing their stability. In addition, a fusion protein between TAT
and REV has recently been described (Felber et al., 1989b); its function is

unknown.
VIF is important for the infectivity of the virus particle by a

post-translational mechanism that remains to be defined. VPU is important

for mature virus assembly at the cell surface. VPR, VPX, and NEF are
additional regulatory proteins whose functions will be the focus of this

study, and will be discussed below.

Regulatory proteins are likely to be important in determining the level
of virus replication at different stages of disease, in determining the
types of interaction with the immune system, and in modulating virus

infectivity and transmission. A better understanding of their structure,
expression, and mechanism of action will undoubtedly improve our under-

standing of pathogenesis, lead to the development of new diagnostic assays,

provide new insights into therapeutic maneuvers which may suppress virus
replication and/or cytopathicity, and assist in the development of a vaccine
for WIV prevention.
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Viral Protein R (VPR)

The vpr gene is found in the genomes of HIV-1, HIV-2, simian immuno-
deficiency viuq (SIV) of rhesus macaques (SIV-MAC), SIV of sooty mangabey,
(SIV-SM), but not SIV of African green monkeys (SIV-AGM), or SIV of man-
drills (SIV-MN) (Wong-Staal et al., 1987; 3uyader et al, 1987;
Chakrabarti et al., 1987; Fukasawa et al, 1987; Tsujimoto et al., 1989;
Hirsch et al., 1989). An open reading frame is also found in a similar
position in the visna virus genome (Sonigo et al., 1985). The conservation
of the predicted VPR proteins among these different lentiviruses is almost
as great as that of GAG and POL proteins

The HIV-I VPR protein is 78 amino acids long in several strains,
and 96 amino acids long in the remaining strains (Meyers et al, 1989).
Functional proviral clones of HIV-I have been identified with either
form of the vpr gene (Dedera et al., 1989, Adachi et al.,
1989). Among the first 70 amino acids, 50% conservation of amino acid
sequences are noted (Meyers et al, 1989). The HIV-2 VPR protein is
105 amino acids in length, whereas that of SIV-MAC is 97 amino acids long
(Guyader et al., 1987; Chakrabarti et al., 1987).

The VPR proteins of HIV-l, HIV-2, and SIV-MAC are expressed in vivo as
evidenced by the presence of antibodies reactive with recombinant VPR
products in 33-67% of infected humans or rhesus macaques (Wong-Staal et al.,
1987; Lange et al., 1989; Yu et al, 1989). A single antibody to the 96
amino acid form of the HIV-I VPR product has been developed and claimed to
detect a 13 kd VPR prot-ein in cells acutely infected with HIV-l (Lange et
al., 1989). The poor quality of the radioimmunoprecipitation analyses using
this antibody suggest that the specificity and avidity of this antibody are
poor. An antibody to the SIV-MAC VPR product has also recently been
developed (Yu et al., 1989), but results with this antiserum have not yet
been reported. No antibody to the HIV-2 VPR product has yet been developed.

Work from our laboratory has demonstrated that the HIV-l and RIV-2
VPR products are dispensable for virus infectivity, replication, and
cytopathicity (Dedera et al., 1989 •). Proviral clones have
been constructed expressing a 2 (R2), 22 (R22), 31 (R31), 40 (R40), 78
(R78 or X), or 96 (R96) amino acid form of the VPR product. No differences
in the above noted parameters were detected in H9, MOLT 3, GEM, U937, or SUP
Tl cell lines, or peripheral blood lymphocytes. HIV-2 proviral clones have
been constructed which express either a 105 (MR105 or SE) or 6 amino acid
(MR7) form of VPR. No alterations in infectivity, replication, or cyto-
pathicity were noted with viruses derived from these clones in H9, MOLT 3,
GEM, SUP TI, Jurkat, or U937 cell lines, or primary human lymphocytes or
monocytes.

However. recent data suggests a cell-type dependent effect of vpr
expression or action. In MT4 cells, the kinetics or replication of virus
derived from R2 were significantly different from that of R78, with retarded
and diminished virus yield from the vpr mutant This finding has
now been obtained in 6 replicate experiments with 3 different preparations
of R2 and R78. Cytopathicity was comparably'depressed. The novel feature
of this cell line which may account for this effect is unknown; tncre may be
a relationship to human T-lymphotropic virus type I (HTLV-I) expression in
MT4 cells.

In addition, we have noted subtle morphological differences of virus
derived from vpr mutant infected cell lines compared to those infected with
the parental virus R2 virus particles appeared to be less
homogenous and more immature than those derived from R78. This may suggest
an effect of VPR in virus assembly or maturation. Possible alterations in
the structure of the virus particle could accQunt for possible changes in
infectivity of the virus.
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Viral Protein X (Vxn

The vpx gene is found in HIV-2, SIV-MAC, SIV-AGM. SIV-SM, but not
HIV-l or SIV-MN (Guyader et al., 1987; Chakrabarti et al, 1987; Fukasswa
et al, 1988; Hirsch et al., 1989; Ratner et al., 1985a; Tsujimoto et al,
1989). It is an immunogenic protein expressed in vivo, to which 85% of
HIV-2 infected humans and 20% of SIV-MAC infected rhesus macaques generate
antibodies (Kappes et al., 1988; Yu et al., 1988).

The VPX product is a 112 amino acid proline-rich protein which is found
in the virion in equimolar ratio to the GAG cansid (GA; p2 4 ) antigen
(Henderson et al., 1988). It has also been found tb. be a nucleic acid
binding protein, though specificicy for this property remains to be investi-
gated.

Four groups of investigators, including our own group, have now
reported on findings of SIV or HIV-2 viruses with alterations in vpx
(Yu et al., 1988; Guyader et al, 1989; Hu et al., 1989
Kappes et al, 1989). All groups agree that VPX is dispensable for virus
infectivity, replication, and cytopathicity. For example, we have found no
effect of VPX on replication of HIV-2 in GEM, H9, U937, SUP TI, and Jurkat
cell lines. These studies were carried out with HIV-l proviral clones
capable of coding for the full-length VPX protein, or a clone with a serine
substitution for the initiator methionine (NXl), a clone, with a termination
codon at position 22 (MX22), and a clone with the same mutation present in
MX1 as well as a frameshift mutation at position 62 and another termination
codon at position 70 (MXI+62).

However, divergent results were obtained in studies of vpx mutant
replication on primary T lymphocytes. Whereas Guyader reported a 10-fold
decrease in HIV-2 replication in the absence of VPX on T lymphocytes, our
own studies have repeatedly failed to detect an alteration in infectivity,
replication, or cytopathicity of HIV-2 viruses in primary human lymphocytes
with or without vpx (Guyader et al., 1989; Hu et al., 1989 ). A
more comprehensive examination of kinetics of HIV-2 and SIV replication in
primary human and macaque lymphocytes and in primary monocytes is clearly
indicated to resolve these potentially important discrepancies.

Our group has recently detected a particularly intriguing property
of VPX to direct HIV-2 budding to particular sites in the cell. In the
presence of VPX, HIV-2 was found in H9 cells to bud intracellularly and
at the plasma membrane . Ihe morpho ogy of the virus particles was
generally mature and rather homogeneous. In the absence of VPX, HIV-2 buds
exclusively at the plasma membrane. The virus particles were generally less
mature and less homogeneous.

Negative factor (NEF)

The nef gene, unlike the vpr and vpx genes, is poorly conserved between
different strains of HIV-I and other lentiviruses (Ratner et al. , 1985

Meyers er al., 1989). A similar open reading frame, however,
has been described also in HIV-2, SIV-MAC, SIV-AGM, SIV-MN, and SIV-SM
(Guyader et al., 1987; Chakrabarci et al., 1987; Fukasawa et al., 1987;
Tsujimoto et al., 1989; Hirsch et al., 1989).

The NEF protein is immunogenic in vivo in infected humans. Both
humoral and cell-mediated immune responses have been detected to this
protein (Allan et al., 1985; Arya et al., 1986; Franchini et al., 1986 and
1987). Perhaps the most intriguing finding is the identification by several
different investigators of antibodies reactive with NEF early after infec-
tion and frequently prior to the detection of other anti-HIV-1 antibodies
(Ameisen et al., 1989a and b; Sabatier, et al., 1989, Reiss, et al. , 1989,;
Ronde et al. , 1989; Chengsong-Popov et a]., 1989; 1aure et al. , 1989). Thi-s



suggests that NEF may be the first viral protein to be expressed in vivo.
Recent data from tissue culture experiments; confirm that NEIF mRNA is
expresscd after i'nfection earlier than mRNAs for other regulatory and
structural proteins (Klotman et al., 1989).

Five laboratories, including our own, have now reported that NEF if a
negative regulator of virus replication (Luciw et al., 1986; Terwilliger et
al., 1986; Ahmad & Venketassen et al., 1988; Niederman et al., 1989 &

Levy et al.. 1989). However, one laboratory has failed to
detect an effect of NEF (Kim & Baltimore, 1989). Differences in sequence of
the NEF product expressed or other technical difficulties may explain the
discrepancy. Differences in NEF expression, NEF action, or NEF respon-
siveness have been demonstrated for different HIV-l clones (Levy et al.,
1989). Kim & Baltimore have not yet carried out similar experiments with
proviral clones obtained from any of the five laboratories which have
described down-regulatory effects of NEF.

In studies of SlV-MAC clones, all of those which are capable of giving
rise to virus in maraque lymphocytes have a defect in nef, whereas the
single clone whic' is not functional has an intact nef gene (Desrosiers,
personnal communic tion).

Our own laboratory has recent-y localized the effect of NEF to an
effect on viral RNA levels (Niederman ec al., 1989 ). This
effect is at least partially due to an effect on viral transcription as
determined by nuclear run-off experiments. Effects on RNA transport or
degradation have not bern excluded. Confirmation of these results was
reported by Ahmad & Venketessan (1988).

The NEF protein has also been reported to down-regulate human CD4
expression (Guy et al., 1987). However, this study was carried out with
vaccinia expressed NEF, and only a single control experiment was done
examining another lymphocyte surface antigen, 4B4, which was only minimally
down-regulated. However, differences in stability of different antigens on
the surface of lymphocytes could be reflected in vaccinia infected cells,
and the effect may not be specific to NEF. Further studies of the effects
of NEF on cellular protein expression and growth are warranted-

Nef is expressed as two proteins from the same mRNA due to utilization
of different AUG codons (Ahmad & Venketessan, 1988). When the first AUG
codon is recognized a 206 amino acid, N-myristoylated 27 kd protein is ex-
pressed. This protein may be phosphorylated at the threonine at position 15
by protein kinase C (Guy et al., 1988). A second NEF product is expressed
from utilization of the second AUG codon to produce a 187 amino acid, 25 kd
protein (Ahmad & Venketessan, 1988). Both proteins can Lind and cleave GTP.
and can autophosphorylate at a carboxyl terminal serine residue in the
presence of GTP (Guy et al., 1988). Sequence similarities between amino
acids 95 and I11 of NEF and other nucleotide binding proteins are readily
apparent (Samuel et al., 1987; Guy et al. , 1988). The possible relation-
ships of these interesting biochemical activities with NEF activity remain
to be investigated.



Mechau•i• of Cytotcaccity of the AIDS Virus Oontract No. MYMD17-9O-r,--J?5
P.I.: Lee Ratner, M.D., Ph.D. Basic

(6) BODY

1) To define the function of viral protein R (VPR)

a) Express HIV-I, HIV-2, and SIV vpr genes in E. ooli

In the original applicaticn, we had proposed to express each form of vpr in E.
coli, in order to obtain proteins that could be used for imiunization of rabbits for
antibody develcipmnt. We have essentially bypassed this undertaking, by cbtaiing
a purified synthetic HIV-. Vpr protein frau Dr. Gras-Maase. Rn-thermore, the
current availability of antisera to the HIV-2 and SIV mac Vpr proteins (kindly
provided by Dr. T.H. Lee, Harvard) also precluded the requi-inent for the expression
of these proteins in E. ooli for this purpose.

b) Develop antibodies to reccxbinant Vrr products

We have inurmlated a single rabbit with the synthetic HIV-l Vpr protein have
now obtaine over 100 ml of antiserum. Ths antiserum shows better reactivity with
either [3H]-leiine labeled HIV-I Vpr protein expressed in reticulocyte lysates or
in transfected BSC40 calls than tbme provided by Dr. T.H. Lee, AIDS Repository,
or Dr. George Mow, and was utilized in all studies described below. We haie
provided 30 ml of cur antiserum to the AIDS Reagent Repositcry.

c) Determine the size(s) of Var products in acute and dnronically infected lvnrhoid
and monocytoid cells infected with HIV-I, HIV-2, and SIV

We have used the anti-vpr antibody to analyze 3H-leucine labeled proteins fram
reticufocyte lysates, REV-i infected primary lyni#xcytes, and vacinia virus
expressed vpr and have found no significant differenes in sizes of the single 16
kDa product. No evidence fcr a precursor of a different size has been detected or
for coiimnunurecipitation of other labeled proteins.

d) Determine the cellular localization of Vpr

We first examined the cellular localization of Vpr in HIV-I infected primary
lyrmphcytes. Cell fracticnation studies demonstrated that about 50% of Vpr was
present in the nucleus, 15% in the membrane fraction, and the remaining 35% was
released fral infected cells in virions (Fig 1).

Expression of Vpr in the absence of other HIV-I proteins, using a SRalpha
expression plasmid, dernstrated that the majority of Vpr was localized in the
nucleus (Fig 2).

In BSC40 cells infected with VIF7-3 (vaccinia virus expressing T7 RiA
polymerase) and transfected with pIM3 (vpr), we have found that the majority of vpr
was localized with the nuclear fraction (Fig 3). Oo-expression of gag did not
significantly effect the localization of vpr. In contrast, gag p24 was found
primarily in the cytosol, and to a lower extent in the menbrane and cell-free
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Mechams= of Cytotcancity of the AIDS Virus COmtract NO. M 17-90-C-0 -25
P.1.: Lee Ratner, M.D., Ph.D. Basic

supernatant uner these labeling conditions.

We confirmed the results from the cell fractianation experiments by
imuMfluarescence studies (Fig 4). Miese data demuinstrated that the majority of
Vpr was in the nucleus. Hwver, Vlr was also detected in a perinuclear
localization, that was resistant to krefeldin treatment. This suggests that the
latter location was probably not the Golgi apparatus.

A ) II,

B)

• :'i-•-{, ; • PR

FI(G, 2. L.Ahalt,..ion in COS-7 celIl of Vpr expressed front psR.
(A) Vpr sensc (pSR l VPRN) and antis.nse (pS ,-&'R.AT ) e'xprceson
plaitmid-, which incluidc a transcriptional enhancer ( SV4I -ori). a

Iranctiptional promoitecr (1t I'V.V I longl tcrninal eralc;i I R ' 1), atntl
a polvadcnylaltioll inc'rIon Nqlulcnce (polyA-ii'). (3) Stiluc lhill.ii
ftlct il nat ion of VPtr cy.psCCed in Irant•fccIctd and Ii t l ijh c inc - ahclCd

('OS-7 c'ells f[ont pS%,-%'I'R- (S) and pSlZ-VI'Ra iA) in poSInullc'C.1i
\•uah (WNW). Inuclc'oplalikn (NtCI(' T'). c~hromatinh (('IR). nut'l:ica

iua1ili\ MA c\io'ol (CYI-). niclinlhimic ýas•li (\M )V. ,ind• hmc

r;timics (Nil:M ). lqiiivtihlcnt allmounsl (it each lfracion %%crc illlullllll01-
l) recilpiimedl with flhc ;mii- pt ;inl,,'-if l ;iiu l an amin~k/Cd h\ SI1 -" M 1-:\(I

Ih cc'tlie lec op rclt ic po4ilionl ofl Vpt'• is, shovn 1). an, art m jii'\ 01k.b'I'h

Fig 1 Fig 2

We have also analyzed the cellular localization of mutant Vpr proteins using
this vaccinia virus expression system. The distribtion of the SRIG mutant, with
a deletion of amino acid residues 79-82, closely mirror that seen with the parental
form of Vpr, with primarily nuclear localization. In contrast, the CRST mutant,
truncated after amino acid residue 77, was approximately equally distributed between
nuclear, cytosol, and menbrane fractions (Fig 3). ThLis suggested that sequerces
between amino acids residues 78 aid 96 may contribute to the localization with the
nuclear fraction. We conflin-d that these C-termiral sequences cortain a nuclear
localization sequenoe, based on the firding that a beta-galactosidase fusion protein
to which amino acid residues 77-96 were added at the C-terminus resulted in
translocation to the nucleus.
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X814OWnuI~S Of CY~totoxcitY Of the AIDIS Virus QzttraCt No. MM17-90-C-O225
P.1.: LAe8 Ratner, M.D., iin.D. Basic

'lb assess the puirity of eachi of thes fracticnis, similar euxperiments were
perfanid with marker proteins, for nuclear, mmtxbane, Golgi, erxticplasmic reticulum,
and CytcOSlic proteins.

A )
Vpr carboxyl terminal sequencc

WI I(;(H4fHI;V I KQHHARN6ASRS'0

CIRST 'I(('RS I

B)
PIM-UPA PIH-CRST

30-

21-

14.3 --

6.5 - da

C) s
H pTM-VPR

S 40- E PTM-CRST

20

(1c

PS I '.1 ([Pt IH lot AT ('VT %I 'A ( %0

SUH([IA t LIAR FRACTIONS

FIGI 3. Siicolltihrr dofrilititon- (if v~iccionij virtis-expresscdl pnIJ itI,1 \ il juld carhoxvl-fermnhio l Irirnculior ulit(RIii Irt,(1 11, ,cil, .'AI

~c icra i d~i~ luofIIicVpr PimlCiii. oldiCauno the Cdrii\-ciiii iiI wqC ric "qIiicc oftlire %%id I\peC \l) Irod of the Irrrilrti,'llrl mu111rrrr.
WiJ. (Bl) Vpr csprerused fromi p'YN3 in ll 3ifce eI.(el ~i iee ~i ' IIjercnearire d irretroniluid into postiiueleii \ialr ('NW\).

iirielopL~iur (NC t(I'l.). cironiatiin (CHR), nuclear ialii, (NMAlI. Cst',ol ((')'I .irerilbrane washr OM1\ Ilnirmicsrne I 1IN d clllulrl
2. n)vruilil (Y ' Ai'). MolecuLi- nrras ma-ker:. :re -!ioskn at tile lefll iikrl)i lton,rrr (C ) l'rurport~ rio n ofVIR ill ereir xu'11cLilkilarr tr;lctrrir 't derrIrcTV11d

hk i;Iwf tcli'irriiiet iw from plMN1-VI'R (solid ho~rs.). orF pTM-(*RST (l)irtireil iirs.is Cedclls.

Fig 3
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We have also performed immuncgod localization studies with Vpr e)Tressed in
primary lyrkxpytes. First, we examined sveral vpr+ HIV-1 strains, and found in
each case both intracellular (in vacuoles that resembled Golgi re•nants) and
extracellular virus particles (Fig 5). The ave•- number of gold particles per
virion was determned to be 1.15-1.79. For extracellular virior5, the average
number of gold particles per viricn was 1.34-1.77, whereas for intracellular
virions, the average number of gold particles per viricn was 0.75-0.99. No
significant effects on vpr packaging in the virus particle ware found in the
presence cmpamed to the absence of co-expressian of Vou. The findiig of decreased
levels of Vpr per virion far intracellular versus extracellular virions was a
cxrsistent and interesting findiin.

A) anti-VPR

pTM-VPR pTM

B) phase anti-VPR anti-Histones

FIG. 4. Immunofluorescence localization of Vpr in BSC40I cells. (A) pTM-VIIR (left)- or pTM (righl)-transfected vTF7-3 infected celIt, vcio

incubated with the anti-Vpr antiserum and an FITC-conjugatcd goat anti-rabbit immunoglobulin. Magnilication. x 188. (B) Higher magnilicaion
x 752) by phase-contrast microscopy (left) and fluorescence microscopy (middle and right) of a representative cell incubated Aith antli-V'pr

antiserum and FITC-conjugated goat anti-rabbit immunoglobulin (middle; filter with excitation rangc of 4501 to 490() nm and cmission ran ge ol 52o
to 5 t( rnm) and antihistone antiserum and rhodamine-conj ugted goat anti-IltouSe iimounoglobulin (right, filter with excitation range of 51l0 to 5iW
inm and emission range (if >590 rim). Diffiuse nuclear (thin arrow) and focal pcrinuclcar staining (thick arrow\.) are indicated in the in iddlc pa nl

Fig 4

In many cases the localization of Vpr in the virus particle appeared in a
circular array, that resembled envelope localization (Fig 6,7). No such
localization was seen with anti-vpx or anti-gag antisera. Exeriments were
performed with anti-gpl20 antisera colabeling to demonstrate that vpr was situated
beneath the viral envelope (Fig 7). In addition, we have cxnstmctei Mitant
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proviuses with frahift deletion in vpr to examine wther vpr can still be
packaged into the viricrs. Lynmiocytes infected with a virus with a deletion of
residues 79-82 of vpr showed preferential irnxxorxaticn of vpr into intracellular
cxmpared to extracellular particles (Fig 8, 9). Lyq'ocytes infected with a virus
with a deletion of residues 77-96 demostrated less than 10% of vpr imcrporation
into viricns. This result is not due to alteration in recognition by the antibxdy,
since each of the mutant forms of Vpr has been expressed in reticulocyte lysates and
vaccinia virus infected BSC40 cells and is detectable with the antiserum (Fig 10).

e) Assess co- and post-translational modificaticrs of the VWr protein

Experinrts to examine whether HIV-1 or- HV-2 Vpr proteins are ltcsiylated,
O-glycosylated, sulfated, or palmitoylated were performed and showed no suxc
modifications.

f) Isolate dcNAs enodjin Vpor

The experiments on isolaticn of Vpr cdWAs in PHMCs fru HIV-1 infected patients
were carried out by R1 PCR. We found the same mRNAs previously described joy
Sdwrtz et al (1991), and no fusion proteins of Vpr to other open reading frames
were ned.

g) Determine role of VWr in HIV-1, HIV-2. and SIV replication in a variety of
lymphoid and monocytoid cells

We dmunstrated that a discrete env determinant, including the V3 loop, but not
the CD4-binding dcuain, is necessary and sufficient for HIV-1 infection of
munocytes. Additionally, we have identified three virus replication pbenotypes in
mrxytes in vitro using molecular defined proviral clones. These include
productive infection, with the generation of high virus replication levels; silent
infection, with low to undetectable virus replication in mrnocytes, despite ultimate
virus recovery fram infected monytes following cocultivation with uninfected,
Oytahanagglutinin stinulated periphral blood mnmia-lears (PMK•s [ lymn blasts]) ;
and no infection, with neither virus replication in nor virus recovery frao
monocytes observed. We demnxstrated that vpr and vpu are central to the regulation
of virus replication in primary mrnocytes and together mediate the expression of
silent versus productive infection (Fig 10).

To study viral regulation of mxnocyte infection, we utilized a panel of
dciieric HIV-l clones, on~structed frxu the normnxoyte-trqpic clon HXB2, and the
menrxytetrcpic clone ADA, as previously described. To correct a vpr defect in each
of these clones, the result of a single base insertion in HXB2, 2.7 kb Sal I-Bain HI
HXADA DNA fragments (nucleotides 5785-8474) were subcloned into the full-length
proviral clone NIA-3, in whidh the vpr open reading frame is intact. The resultant
NLHXAOA clones contained the ADA-derived env determinant previously localized to
rucleotides 7040-7323, flanked by other proticns of env and vpu and small portions
of tat and rev. A clon in which the entire 5785-8474 sequence was HXB2 derived
(thus lacking a mmucyte-tropic env determinant) was used as a negative control for
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thee expeirnents. Becuse HXB2 lacks a vrpl initiator rethicinine rtdin, clones in
Auhchi vpu was BXB2 derived wer defective for that prod~uct, in conztrast to clones

with an ADA-ermded vp.1. Finally, a vpr nutant exdn to aiNEXD cl e
was generated by' introduix a franeshjft nurtatiai at ~cdo 63.

Fig S

1f.tIol localization of Vpr in virus particles. (a) Vpr-specific gold particles were seen in the wild-type HIV-l vinions in
16 region (arrow 1) and in a cytoplasmic vacuole (arrow 2). Labeling was also found at a portion of the vacuolar

_-m, showed higher density, consistent with kha ol' iudding virus particle (arrow 3). The bar represents 500 nim. Nb \'pr-
,,Q azc-lled particles (15 nm diameter: arrowhead) were foiin' i, a"rge vacuoleofainetdPM .ucusThba

-~~~~~~~~~~~~~~~i 01. is sn.I)A nagdae fte~aul oe) h hown I rotated 90') with Vpr-specific gold particles 015 nti
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• @ In resin setion)

Electron microscope view

0

(a) (b) (c) (d) (e) (f)

Fig. 3. Schematic representation of possible locations of Vpr-specific
gold particles in HIV-I virions embedded in thin resin sections. HIV-
I virions associated with infected cells were embedded in resin and cut
into sections of 100 nm in thickness for post-embedding immuno-
staining and electron microscopic observations. ViUions located at
the upper (a) or lower portion of the section (U) would have been cut
tangentially and the exposed Vpr antigen could be labelled with the
antibody if Vpr war situated near or beneath the viral envelope. These
virions wolld be predicted to appear smaller under the electron
microscope and the gold particles would form a duster. Virions cut
through the centre would be predicted to appear larger and gold
particles would form a ring-shaped pattern with (b) or without a core
(d and e). The diameter of these virions would appear to be similar to
that of typical virions. Virions embedded within the resin would not be
accessible to HO etching and their associated antigens would not be
exposed. A typical virion diameter is approximately 100 nm.

rig 6.

Viricrs from the recombinant clones, generated by transfecticn, were assayed
for their ability to infect and replicate in primary mcnocyties by the presenc of
reverse trarscriptase (W) activity in cuilture sernatants and kby the ultimate
recovery of virus following aocultivaticn of macytes with uninfected PEMOS. Me
results are summrized in Fig. 10. All clones ocxnaining the ADA-derived env
determinants with an intact vpr gene generated high virus replication levels in
mcnocytes. Inactivation of vpr in these clones, however, generated divergent
results, depending upon the derivation of rnuleotide sequencs 5999-6345 (SK
fragment). Clones in which this portion of the gename was ADA derived generated
lower (but readily detectable) virus replication levels than did their wild-type vpr
counterparts. However, vpr mutants in which the SK fragment was HXB2 derived
typically failed to generate virus replication levels detectable above background
in mncrcytes, despite subsequent virus reamrery fran these cultures onto uninfecred
PBMCs. -he negative control clone, whiih carried a wild-type vpr but lacked the
munocyte-trcpic env determinant generated viricns whicd neither replicated in nor
were recovered from mrqtes, as previously demonstrated. No significant
differenes were seen in the replication of each virus strain on PEMCs obtained fram
several different dcnors.
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(a) (b)

W b LIMA. (d).

Fig. 4. Vpr localizzion on budding virus particles. (a) Condensed plasma membrane structures are immuitolabelled with Vpr-specific
gold particles (arrowheads). The bar represents 200 nun. (b) Virus budding from a condensed area of the cell membrane was labelled
with Vpr-specific gold particles (arrowheads). A single extracellular immature virion labelled weakly with these particles (15 rns), but
better labelling with Gag p24-specific gold particles (5 nm) was observed. The bar represents 100 nm. (c) Other immature virions
immunolabelled with Vpr-specific gold particles (arrowhead). The bar represents 100 nm. (d) Additional immature virions labelled with

Fig 7. Vpr-specific gold particles (15 nm, arrow 1) under the virus envelope as well as Gag p24.-specific gold particles (5 nm, arrow 2). (e) An
immature virion near the cell surface was identified that labelled with Vpr-specific gold particles under the viral envelope (15 nam.
arrowhead), whereas Gag p24-specific gold particles (5 nm) were seen in the central area of the virion. The bar represents 200 nm. (f)
A ring-shaped distribution of Vpr-specific gold particles (15 nm) was evident on an extracellular virus particle, with Gag p24-specific
gold particles (5 nm) localized in the central core of the virion.
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(b)

Fi .Immunolabelling of wild-type and mutant forms of Vpr on HIV-
I virions. (a) Vpr-specific gold particles labelled extracellular wild-type
virions (15 nm. arrow 1). Gag p24-specific gold particles (5 nm. arrow
2) were also observed in virions. An average of 1-5 Vpr-specilic gold
particles per viriou was found. The bar represents 200 nmn. (b) Vpr

Fig B. mutant SRIG virions also labelled with Vpr-specific; gold particles
(15 nm. arrow 1). Gag p24-specific gold particles (5 nm, arrow 2) and
Env gp120-specific gold particles (10 nm, arrow 3) were also identified.
An average of 1I1 Vpr-specific gold particles per virion was measured.
The bar represents 200 nm. (c) Vpr mutant CRST virions showed very
little Vpr-specific labelling (arrow 1), whereas Gag p24-specific gold

19 particles were still observed (5 nm. arrow 2). An average of 0-1 Vpr-
specific gold particles per virion was counted. The bar represents
200 nm.
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100

.•80-

20

80o -

UU

Fig. 6. Wild-type and mutant Vpr expression in viinious as a percentage
of the total expression in the wild-type in HIV-l-infected PBMCs
infected for 7 days. Extracellular (0") and intracellular (0) Vpr
expression are shown, together with the average numrnh.r c.";pr-specific
gold particles (on both extracLulai and intracellular virions) as a
percentage of the wdd-type (E).

Fia_. 9

moxre were infected with reccmbirant BIV-I clones cotidi a functional
vpr gene, stained with toluidine blue, and examined by light microscopy (l um thick
plastic sections) . Cultured infected with a nonmocytetrcpic virus, NIHXMM-SK which
contains a functional vpu gene, were initnusale from uninfected cells, with
rare, small multinucleated cells (Fig 1-la) . Cultured productively infected with
virus cotinn the manccytetoic env determinant and a functional (NLHXAM-SM,
Fig llb) or ncnfrnctinal 0QEHXAD-GG, Fig 11c) vpu gene dx. characteristic
cytcpathic effects. - hese consisted of the formation of mrult~inucleated giant cells,
ofter. containing 10 or more nuclei per cell, and cell lysis. M-ie frequencies and
sizes of these cells were camparable in the NIBXADA-SK and NILXA[-.GG infected
mcr•at cultures. Virus produdct-cn and cellular degeneration and necrosis were
primarily confined to malul cleated cells. Transmission electron microscopy
exýamination dermostrated typical budding and mature- virions in intracellular
vacuoles that weere associated with the plasma nmemrane, in both the presence and
absence of vpu, but no:t in the NIHXADA-SK infected cells (Fig lid). Freeze fracture
scanning electron micrscp deosrted buddirvg of virion particles from the
plasma umemrane of mxK•ye infected with virus which lacked a functional vpu (Fig
lle). No virus could be detected in mcioye infected with recombinant clones
lacking both vpr and vpu (data not shown) .
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recombinant NLHXADA clones. To inactivate y'pr, clones were digested with EcoRl (nucleotide 5745), treated with Klenow fragment, and
religated to generate a 4-bp insertion, as previously described (24). The replication levels of these clones in monocytes are summarized to the
right of each clone. Monocytes were infected as previously described (36) by using filtered virus stocks generated by transfection of proviral
DNA onto SW480 cell monolayers, and titers were determined by measuring RT activity. Infections were done at low multiplicities of
infection (10 to 100 tissue culture infective doses per well) with monocytes plated at an initial density of 2 x l0f cells per well. Virus replication
was monitored by serial determinations of RT activity in culture supernatants (25). Peak RT activities (days 2t to 29) are expressed as 1W
counts per minute per milliliter. To determine virus rescue, fresh. uninfected PBMCs were added to monocyte cultures at 29 days
postinfection, cocultivated (co-cult) for 2 days, and maintained separately for up to 12 additional days. while RT activity was moniiored.
Rescue was scored as positive with two successive RT results that were more than fivefold above background level. (1) The replication
kinetics of representative NLltXADA clones is graphed. Similar results were obtained in three to five replicate experiments.

Mie SK fragment encided the entire vpu gee product, 14 amiim acids at the
C termini of both the tat and the rev first exrre, and the N-terninal 41 amIno acids
of env (Fig 12). Although the absence of a vpu initiator methicnine codon in HXB2
is the -,-st obvious difference between the SK porticns of HXB2 and ADA, a role for
tat, rev, or env could not be ruled cut. The env sequences differ at 7 of 41
predicted amino acid positions, not inluding' the nonaligned insertion of 3 residues
and deletions of 4 residues in ADA. All bit three of these differerKe are xonfirled
to the signal peptide, 'iwhid varies by up to 30% between different HIV-1 clones.
Furthermore, tat and rev both differ at 3 of 14 amino acid positicns between the ADA
and HXB2 SK fragments with four of these six chanes being conservative in nature.
Therefore, it is unlikely that these alterations in env, tat, or rev alter their
function. However, to formally determine the specific rquireuent far vpu during
HIV-3 infection of rcnocytes, the vpu initiator rethicnine codon of the silent
infecticn clone NLMM-OG (vpr mutant) was restored by site-directed nutagenesis.
Mie resultant clone was found to generate virus capable of productive infection of
nocytes (data not shwn).

HIV-I and related lentiviruses are distinct frmi most other retraviruses in
that besides the structural gag, pol, and env genes ozmmorn to all retroviruses, they
also encode a number of genes whose functicns have been shown or are speculated to
be regulatory in nature. In HIV-1, these genes include tat, rev, vif, nef, vpu, and
vpr. while tat, rev, and vif are essential for viral gene expression or viricn
infectivity, the precise role and overall inportanre of vpr, vpu, and nef are
unclear, since these genes are dispensable for vnius infection and replication in
CD4+ 1ynmx:cytes in vitro. Mhe availability of molecular HIV-1 clones which infect
and replicate in monocytes at levels camparable to those observed with many
marlcytetrcoic virus isolates has facilitated investigation of the role that these
viral genes may play in regulating the virus life cycle in monoxytes. In the
present study, we observed moderately decreased levels of virus replication in the
absence of either vpr or vpu, whereas in the absence of both genes, virus
replicaticn in mcnocytes dropped to levels barely at or below the level of detection
by the RT assay, such that infection of these cells usually could be detected only
by virus rescue into FiSM.
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FIG. 2. Light, transmission, and freeze fracture scanning electron mnicroscopy of infected nionocytces L-ight tjiicrograjphs of Itoluidfini

blue-stained semnithin plastic sections showing typical fields of primary monocytes infected by nonnionocytetrop'ic clone NI-IIXADA-SK (35)

(A) and monocytetropic clones NLIiXADA-SM 113) and NLI IXADA-(CIG (C) are shown (15). The multinucleated giant cell., were fewer and

smaller in panel A than in panels B3 and C. Magnification. x480t. Infected adherent cultured cell,, were carefully washed twice With)
phosphate-buffered saline (PBS), fixed in situ with 211 glutaraldehydc (pf1 l71.2) in PBS. scraped free with a rubber policeman. transferredL to

a 15-mI plastic conical tube, and pelleted for 101 mmi at fiW~ x g cent rifugaition. The cells were mixed with warni agar, repelleted in lie

Microfuge for 1 min, and refrigerated overnight to form a firm agar block.- The cell block was divided into smiall pieces and processed into

Spurr's plastic, after osmifteation and block uranyl acetate staining (15). Sections (I lim thick) were stained with toluidine blue for light

microscopy, while thin sections (6(X) A [00l.0 nm ) -were stained with uranvl acetate and lead citrate for transmission elect ron microscopy. (D)

Transmission electron micrograph of a smaill portion oif a niultiniiclccited cell froim NUIIXADA-G6-infected monocytes showing a

cytoplasmic vacuole (lower ieft) containing imimature and mature virions and nuinerous typical mature particles, associated with a st reich of

plasma membrane. Magnification. X34.t(XX). (E) Transmission electron micerosciopy view of NI] IXAI)A-GGi-inlected mionocytes, stabilizedl

by formaldehyde fixation before quick-freezing, freeze-drying, and platiinunm replication I 18). ludding from the convoluted surface are several

50-nm-diameter brightly outlined spherical virus particles. At higher magnification (not shown), these displsv characteristic surface coats of

gp120 "pegs."

SAdI Kpnt
5999 8345

sd

07111M pIlde -%/--9P

KYE22 2 25 HX21 W9999= = 1 Si

FIG. 3. Comparison of SK virus replicitioni determinant fronm lIX132 and ADA. The predicted amiino j,ij secluenices of ipu and Owr
portions of tat, rev. and crit which are encoded 1w nucleotides 5999 1(o (345 (SK< fragment) fronm I IXB12an \)A reilndItusn
single-letter amino acid designations. Identical residues are indicated withbin boxes.

Fig 12.

ghe vpr capeii reading fraim encodes a protein Of 96 aMir acids in imost HIV-i
din~es andi is corwerved in other lentiviruses, including visqna-maedi Virus.-
Previous studiies have Shown that vpr is noit required for REV-i infection ar
replication in Cfl4+ lyqtm-Iytic cell lines in vitro, alt1'KxJh its in-activationi led

to Slcer replicationl kinetics arnd delayed c~ytopaUthcqeriity in these cells. A
recent staxiy iriVolvirx HIV-2 has shown that vpr is likewise dispen~sable during
.infection of PR~ and T-cell lines but essential far prodiuctive infection of
nmnxytes. Uihe vpr protein has been dema-strated by radioifmm1JrI:ecripitaticfl to be
viriart-associated, arnd thus it is qpecllated to furK± crI either late in the viruis
life cycle, during particle assem~bly or maturatiorn, or early, during the initial
stages of Infecticn. ¶Ihe vp.1 gene encod~es an 80-82 amino acid Protein. It has nmt
been reported whether the vpu protein is found in viricr' particles. VpUa has been
Shawnl to augment vririo particle release from infected cells, withouit affecting
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levels of viral MA or protein synthesis. In the abener of vpu, a higher ratio of
iuature to mature particles has be2n seen, with a shift in capsid formation fran
the plasma memirane to intracellular mkitranes. In maxxytes, hwver, particle
assembly and release occur both at the plasma membrane and in intracellular vaauoles
in the resenr • .m FAAof in Fiq. lid.

HtV1VpU 39- 0O IR ITFA 't CA PWDYOOL

K-VI Vpr 1 O.ý A~T O Y l L E F I LHNLOO YETYGDTWAGVEAI ft L'QLLFi JFJ .I

HIV2 Vpx I TP T VPGI CT E AFA IR Nit LJELIFOY A WAY DEOGMSESYT(YRYLC 'AVY V .

3t Vpu

-3

3 Vpr

0•2

-3
3 - Vpx

-3 J

FIG. 4. Predicted amino acid homology between ipr, tpu, and vpx. The predicted amino acid sequence of the NL4-3-derived tpr gene is
aligned with homologous regions of the ADA-derived vpu gene and the vpx gene encoded by the HIV- 2 R(,) clone, with single-letter amino
acid designations. Identical residues are indicated within boxes. Hydrophilicity profiles for the corresponding segments of each protein are
shown at the bottom.

Fig. 13.

It is intriguirg that HIV-2 and SIV lack a vpa coen readingr ft-cm but instead
carry a gene designated vpx, ok•di encodes a protein of 114-118 mairm acids in these
viruses. vpu and vpx occupy similar positions in their respective vi-al gernumE,
betwen p0l and env, but have only distant amino acid homology. Rcxently, it has
been suggested that vpx and vpr arose by duplication fran a cmn progenitor in
Hr,-2 and SIV, on the basis of predicted amino acid sequern hmology between the
genes. To investigate the possibility of a similar link betwn vpr and vpu in HIV-
1, the Irediicted amino acid sequences of both vpu and vpx were aigned with that of
vpr. ;Atlj=gh less amplelling than the hcmology betwn vpr and v'px, a 38%
identity vas observed between vpr and vpu over a 24 residue overlap at the C-
terminus of vpu and the N terminus of vpr (Fig. 12, tcp). These sequences were
particular rich in acidic residues. similarity in the hydrophilicity profiles of
these portions of the vpu, vpr, and vpc products was also noted (Fig. 12, bottan).
Ulhe striking effect cn virus replication levels in mnrxcytes observed only when both
genes were defective suggests that their gene products may perform similar roles and
thus provide partial functional camiplmentaticn. Alternatively, since laoxr
replication levels were observed in the absence of either gene, the nearly cxq 1ete
attenuation observed in the absence o' both may result fron a cmpourd effect of the
loss of two relatively important but functionally unrelated genes. More detailed
studies to determine the precise rechanis of action of the vpr and vpu gene
products will be required to address these alternatives. In either case, cur data
indicate that together, vpr and a second determinant, v'pu, are mo-re inlocrtant for
efficient HIV-I infection and replication in primary rmrocytes than was observed
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previously in lymphocytes. 2hese oservations provide a raticrale for designing
potential antiviral therapies to block the acticn of these gene products during HIV-
I infection of mrnocytes.

persistent infecticn of tissue macrqpages plays an important role in the
pathogenic effects of other lentiviruses, including equine infectious anemia virus,
visna-medi virus, and caprine arthritis-erxphalitis virus, providing a sanrctuary
far continuous virus replication in the face of a vigarous host immune response.
TIhe onset of ixcreased virus replication has been cmrrelated with the onset of
clinical disease manifestations, such as axnhalitis, pnmv nitis, arthritis, and
hemoloytic anemia. Mhe existerce of poorly replicative HIV-I variants may be
essential for establishment of persistent mcrophage infection during the early,
asynptcmatic stage of disease. Several studies have suggested a relationship
betiýn the in vitro replicative properties of HIV-l isolates in T lymcytes and
clinical disease stage, with earlier isolates tending to replicate more slowly and
to lower levels ("slow, lo') than isolates frtm later stages of disease ("rapid,
high"). Nnessent.ial regulatory ges are ideally suited to act as "molecular
switdces" for control of replication phenotypes by their activation or inactivation;
particularly in viruses such as HIV-1, which characteristically gerate high levels
of sequence heterogeity. We -xitrate here that discrete genetic alteratians in
such accessory genes result in profoundly different replicatian rates in minocytes
in vitro, which suggests a mechanism for transistian from subclinical to clinical
disease in vivo. mlese finding-s thus provide a rationale for addressing an a wider
scale herther functional status of vpr and/or vpu acrrelates with disease stage or
serves as a potential prognstic indicator of disease progression and outcome.

TIb further test the role of vpu and vpr in munte infection, several
additicnal vpu mutant proviruses have been constructed. 'lese include NIMXADA-SM
and NUXAA-SK/GG plasmnids with a site-directed mutation at the initiator methicnine
codon of vpu. In addition, we have cxx-tructed NIHXDA-GG, NIUXAD-GP, NUVXYU2-GP,
and NLHXw1C1-GP plasmids in which we have inserted the vpu initiator methicnine
codon. Each of these clones were cxnstnrcted with or without a fra--shift mutation
at the Eco RI site of vpr. Mutaticns in these plasmids were oanfirmed by nucleotide
sequencing and then asayss d for virus replication kinetics an nrscytes. In
addition, we used primary lyimphcytes infected with these viruses to label with 3H-
leucine and imnurqprecipitated with anti-vpu or anti-vpr antiserum. Each of these
mutants ccnfirmed the role of vpr in productive macrimhage infecticn.

To identify the function of vpr and vpu in macrophages, we have onstructed a
recombinant vaccinia virus that expresses vpr, and a recombinant vaccinia virus that
expresses the vpu protein together with either the ADA or HXB2 envelope. The latter
strategy was taken in light of the fact that vpu and envelope are expressed from a
single bicistronic mlnA. Using these expression system, we found no significant
effect of vpr on env synthesis, processing, stability, cell surface transport, (C4
binding, release, oligamerizaticn, or gpl2O cleavage.

26



MachanialD of Cytotcn'city of the -- Vi-us Cntract No. E17-90-C-0125
P.I.: Lee Rather, M.D., Ph.D. Basic

h) Determine medianism of action of Vor in ehancing HIV-I infectivity and/or
replication in MNT4 lvnrhoid cells

The cxwtract application describes 3-10-fold differences in the ability of RIV-
1 clones with or without vpr to replicate in HTLV-I infected cell lines, MT4 and
MT2. Hwjever, the much more dramatic differences in the presence of vpr in
monocytes, and the particular relevanc of nuicte to disease pathogenesis,
suggested to us that much greater emphasis should be placed on examining the
mechanism of action of Vmr in monocytes than in MN4 cells. Tmus, the same analyses
described in the original contract application for MT4 cell stuldies will still be
performed, but these studies will take a lower priority to pursuing the much more
exciting monocyte infection studies.

i) Determine effects of VWr on HIV-1 infectivity

In collaboration with Drs Stevenson, Bukrirsky, and Emerman, we found that vpr
was critical for preinteration complex transport to the nucleus in quiescent cells.
In arrested T lymphocytes, neither the nuclear localization signal in p17 Gag or Vor
was critical for virus replication, bit deletion of both signals arrested virus
replication (Fig 14). Using PCR, we found that either signal was critical for the
formation of TIR circle forms of viral EMA, a reasuremerxt of preintegration
transport into the nucleus (Fig 15). Similarly, in ramcrohages, alteration of the
ruclear localization signal in p17 Gag or Vpr alone, had a moderate effect on virus
replication, whereas alteration of both signals abrogated replication (Fig 16). PCR
data in nmnocytes showed very similar results to that cbtained in quiescent T cells
where at least one of these signals was reuired for formation of LIR circles (Fig
17).

ii) Determine effects of Vpr on HIV-1 production

1he studies described above suggest that V'r affects an early step in virus
replication, and therefore the studies originally described for this section were
not performed.

We have examined by transmissicn electron microscopy, monocytes infected
productively or silently by a number of the virus strains described above. No virus
particles were detected in silently infected mcnocytes, but this is being re-
examined as described above. Thus, either the replication cycle is aborted prior
to the step of virus assmly, or the level of expression was too low to be detected
by electron microscopy.

iii) Determine if Vpr effects can be ccuplemented in trans

The effects of V4£ could not be fully complnemnted in trans.
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iv) Determine if Vlor effects are Independent of other regulatory proteins

We have already . mrstmted a potential interaction betwen vpr, vpu, and vpc.
f$tai- Zxairuý ot •h-V-2 were Lxx-&Uiztd tW examine if vpr and vrv affects are
i rdpendt.

v) Determine the strucure-functign relationships of Vlr

Several additional vpr mutants have been cantrusteiin regions cawerve
between HIV-1, HIV-2, and SIVWac. ML±ants in the basic amino acid rich region of
Vpr have been otntr'ucted to examine the role of this region in nuclear localization
and viricn packaging.

i) Determine the role of Vor in vivo with ar=vriate model systems

We have initiated studies in scid/hu mice with cuzts NEMX, NUMM-GG, and
NUWM-[-G Vpr mutant in collaboration with R. Markham (Jdons Hopkins). The first
experiment shd sssful replication and recvery from inolated mice with eadc
virus. Quantitative assays are now develoed using in situ hybridization and PCR
and wiln be applied in additional in vivo experiments of this type.

We have deferred work in the rabbit model system as advised by our
collaborators, Drs. Turn Folks and Michael Launire (CDC and Chio State University),
since consistent infection results could not be reproduced with this model system.

Studies of vpr mutants in SIVhmc239 are already underway in Dr. Desrosiers
group at the New England Primate Research Center.

j) Determine the role of VWr in modulatinm disease in HIV-I infected humans

In collaboration with Dr. Rictard Markham (Jdons Hopkins), we have obtained
samples fran seven patients followed ver the cause of several years with three
PESC samples froa each patient at times when the CD4>1000, CD4=250-750, and CD4<250,
for this study. However, insufficient funds were available to cmplete this task,
in light of the budgetary cuts that were imposed in the last six months of the
project.
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2. To determine the furction of viral protein X (Vbx)

a) To assess the effects of VKx on replication cytcvathicity of HIV-2 in T lymphoid
and pmgnoctoid cells

i) 'Tb determine effects of 3MK on site of virus assembly in the cell

We have utilized inmuzrxold electrcn microscopy to examnine Vpc hxmxporaticrr
into virus particles. No detectable gold particles ware found on virions generated
from vpx mutant HIV-2 virus, MX, and vpx/vpr double mutant, MR/MX (Fig. 18). As
with Vpr expressicn, intracellular particles were relatively depleted of Vpc
ccmpared to ext-acellular particles. Badwcvund gold labeling in cellular sites uas
too high to determine the localization of free vpc in the cell. Vpx had no effect
on the site of virus assembly in Pis or CEM cells. Preliminary immuflzxrf 1
studies damrntrated that most vpx: in the infected cells or in transfected cells was
cytriolic.

ii) To determine the cellular localization of V'x in HIV-2 infected cells

Miis is discussed above.

iii) To determine if there are co- or most-t-ranlational modifications of V3M

No oo- or post-translational modificaticn of Vmc were identified.

d) Tb assess whether AM =viral mutants can be comlemented in trans bv a a Vjmc
expression clone

Vpcx ould not be fully cmpllemnted in trans.

e) To detengine structure-function relationships of VMx

To examine Vpx binding to HIV-2 RIA, as noted previously, we have cloned HIV-2
vpc and vpr genes into pIM3 expression vectors to allow expression in reticulocyte
lysates and in VIr7-3 infected BSC4O cells, and into pMZ vectors for E. coli
expression. Northwestern blots with the reticulocyte lysate expressed and vaccinia
virus expressed Vpx prcteins failed to demaustrate specific birding to viral IMA,
hut the amounts of protein expressed in these systems was quite low. Northwestern
blot oiUditions have been established with the E. coli expressed proteins. As a
control, we have shown that pMN expressed HIV-I gag binds specifically HIV-1 RMA.
We have therefore prepared blots with HIV-2 gag p55 and vpx proteins to examine
birding to the HIV-2 RiAs that have been prepared.
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To assess the requi1rements for vpc padcaging in viricas, we have expressed vpc
with a vaccinia virus expressicn system, in the prese&oe or absenei of gag. We
found that p55 gag is sufficient far vpDc padckaging, and pol protens, vi.ricn IMA,
and ProteolYtic cleavage of ggwas not. required far vpc inxiparaticn into virus
particles (Fig 19). Moreover, we found that anti-vpc antiserum. was capable of
ccprecipitatinq p27 capsid with vpx (Fig 19). Mv_. vpc-.O cxmplex was resistant to
boiling in 4% SDS, suggesting a co~valent cxmplex. Hw~~ever, the xmuplex was
dissociated IW treatb~nt with u catehr1or DIT, sug~gesting a disulf ide bxrd.
'Tr~eatment, of viricns with ioa~tiiePrior to processing did not affect cxmplex
formation, .suggesting that t~his is nxt an artifact ocxurrmn during

imux~reciitaticri, but rather forms Iduring virus particle assembly. Neither MA,
NC, or p6 were involved in the vpc-C-A ocmplex.

A Cell-Asiociatcd Prixeins B Cell Supamatant-Associated Prni(ci C Qe11 Suoernafant-AssoitdPoen

~Th R~L.~ DTHX/2 OXBLP D11 Xpf ~TMX + 5flW oTMGP2 uIK42 TIM~ft2

X G X G X G X G X G x G X G X G Antibody X G X G X G X G AOmbody
1 2 3 4 5 6 7 6 H 9 10 11 12 13 14 15 16 Hi L-1 IS 15 9 20 21 22 23 24 Lýi

69 ~ ~ k~ 411Vw4 -PS

45 k~a

p27

p25

P116

FIG. 1. Association of recombinant vaCCinja virus expressed VPX with GAG p27. BSC40 cells were cotransfected 1 hr after infection with
VTF7-3 with 20 pg of pTM3 (lanes 1, 2. 9. 10). pTMX (lanes 3. 4. 11, 12, 17, 18), pTMGP2 (lanes 5, .613, 14), pTMX and pTMVGP2 (lanes 7. 8. 15.
16, 19, 20). pTMX and pTMG2 (lanes 21. 22). or pTMX and pTMGPr2 (lanes 23. 24). The calcium phosphate precipitation method was used for
transfection for (A) and (8) and the lipofectin transfection method for (C). and equivalent amounts of DNA were transfected in each case (with the
addition of pTM3). After 3 hr of cultiva~ion in OMEM supplemented with 10% fetal calf serum, 50 plmI penicillin, and 50 yg/mI streptomycin the
cells were placed in medium lacking methionine and cysteine, and labeled for 16 hir with 1 00,uCi/mi Trans[ 5Sjlabel (ICN). Samples of condi-
tioned medium (lanes 9-24) were cleared of cellular debris by centrifugation at 1000 rpm for 5 min and then 0. 1 vol of 1 OX fysis buffer was
added. Cells were washed with PBS and then PBIS was added to the plates during scraping with a rubber policeman. 0. 1 vol of IlOX lysis buff er
was added and the cells were vortexed at 4' for I min. Nuclei were removed by centrifugation dt 2000 rpm for 10 min Immunoprecipitation was
performed with a rabbit anti-Vpx antiserum (odd-numbered lanes) or a mouse monoclonal anti HIV-2 GAG antiserum (even-numbered lanes.
provided by Dr. Paul Yoshihara through the NIH AIDS Reagent Repository). lmmui~oprecipitates were washed with 1lX lysis buffer three times
and then 30,.I of 2x sample buffer was added. Samples were treated at 100* for 5 min and analyzed on 12% PAGE. Molecuiar weight markers
are indicated (M) and the sizes are listed on the right of the figure in kDa.

Fig 19.
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We found that HIV-I virions were inefficient at ixcxrporaticn of vpc (Fig 20).
Mheefore, w .mve rxsructed several HIV-1/2 Gag dcimeric proteins to define the
critical dain required for vpc incorparation. A construct with only the ak coding
sequence of HIV-2 in place of that of HIV-l CA coding sequence is capable of vpc
inrxpcraticn. Further ddineras wre construced sidividin the @C seuen
required far vpx packaging, as wall as site-directed nutants in CA.

Conditioned Media

DTM3 rTMX DTMGPI PMEZGP2 PTMG1 pTMX/ pTMX/ pTMX/ Plasaid
VTHGE1 uIMRaP2 DT2l_Gi G2 X GI G2 X G1 X G2 X G1 X G1 X G2 X Gi X Antiserum

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 M Lane

- 69 kDa

- p55

-30 kDa

-22 kfaI - ~ -p16

FIG. 4. Specificity of VPX for association with HIV-2 GAG but not HIV-I GAG protein. BSC40 cells were transfected with pTM3 (lanes 1 -3).
pTMX (lanes 4-6). pTMGP1 (lanes 7,8), pTMGP2 (lanes 9. 10). pTMGt (lanes 11. 12). pTMX and pTMGPi (lanes 13. 14). pTMX and pTMGP2
(lanes 15. 16), or pTMX and pTMG 1 (lanes 17, 18). Cells were transfected with equivalent amounts of DNA and labeled with Trans([5SJlabel, as
described in Fig. 1 legend. Samples o' conditioned media were immunoprecipitated with an anti-HIV-1 GAG antiserum (lanes 1. 4, 7, 11, 13.17;
produced in rabbits with a recombinant protein provided by the NIH AIDS Reagent Repository through American Biotech), the anti-HIV-2 p24
antiserum (lanes 2, 5. 9, 15), or the anti-VPX antiserum (lanes 3, 6. 8. 10. 12. 14. 16. 18). Samples were electrophoresed on SDS-PAGE and
molecular weight standards (M) are shown on the right.

Fig 20.

We have also ccrutx ed deleticn nutants of vpx to exwnm the critical
domains required for inxirparatian into viricns. Mfese include deletion of the
proline tail which was riot essential far vpx incorporaticn. We have also deleted
the cys-his danain as well as the amlupathic helix, alone or in oombinaticn with
each other or the proline tail deletion. Since several of these constructs had
reduce reactivity with the anti-vpc antisenrn, they were tagged at the N-terninsu
with a hemagglutinin epitcoe, whidc neither altered vp conformation or packaging
activity.
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In additioCn, autaticn of each of the three cysteine residues in vpc was
performed alone or in cmibinaticn to exmuine their role in vpx activity, and complex
formation with C.

f) To assess effects of Vpx cn replication and cytathicity of SIV in T lymnhoid
and vcmrcytoid cells

We have focused our initial work on the HIV-2 Vpx protein. We have found that
mutation of vpx in HIV-2 leads to a decrease in HIV-2 replication in pBS and
Hela/T4 -ells, particularly at low multiplicities of infection. Minimal or no
effects were found in CEM cells.

To further define the nature of the vpc defect in PBls versus CEM cells was
examined. For this purpose, we used PCR studies similar to those described above
for vpr. In addition, studies were carried cut in HeiLa/T4/beta-galactosidase
indicator cells.

g) 1b assess the role of Vix in vivo with animal model svstems

Animal model studies awaited initial data with the HIV-1 viruses in scid/hu
mice (see 1.i.) and the initial data with the HIV-2 virus studies outlined in this
section. Insufficient funds were available to ccuplete this task, due to severe
bxudetary cuts in the last six nonths of the project.
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3. To determine the function and mechanim of action of necative factor (NEF)

a) 'l determine relative effects of HIV-1 Nef on viral transcription, de-adaticn,
and nuclear-cy lasmic transport

We have de -I trated that HIV-1 and SIVmac Nef affect viral transcripticn hut
not r tion or processing of viral transcripts. Tis work was reorted in the
first year's annual report and in our maruscript (Niederman, Ha, Ratner, Simian
imumudeficiency virus negative factor (NEF) suppresses viral neA accumulaticn in
COS cells. J. Virol. 65:3538-3546, 1991).

We have discussed the ontroversy cnerning these results in a recent review
by Niederman and Ratner, Furncticnal analysis of HIV-I and SIV nef proteins. Research
in Virology 143:43-46, 1992. We found that the multiplicity of infection was
critically important in assessing the effects of Nef in virus replication studies.
It appeared reasonable to assess the relevance of the moi ot idering the relatively
moderate effects of Nef ccmpared to the effects of Tat or Rev. rIhe hypothesis is
that at relatively high moi, subtle effects of Nef may be masked due to an overload
of viral EMA templates. That is, Nef ray rquire a limited pool of cellular factors
in orer to maintain transcriptional supression. Once a cascade of virus
replication has occurred, and high-titer virus results, it may be inpossible for Nef
to reverse or even halt the cascade.

To assess the effect of the moi an Nef's suppressive capacity we copared the
replication of Nef+ and Nef- viruses in lynphid cells under corditicns of varied
moi. We found that at relatively high moi, replication of the Nef+ and Nef- viruses
was -- h le as measured hy reverse transcriptase activity. However, upon
serial 10-fold dilutions of the initial virus inoculum, the replication of the Nef+
virus was significantly inrhibited (up to 25-fold) in several T-cell lines ouipared
to its Nef- ctrr. In addition to generating lower levels of reverse
transcriptase activity, the Nef+ viruses lagged by 4-8 days in ocupariscn to the
Nef- virus with regards to detection of reverse transcriptase activity. Tis lag
period may represent an in vitro form of latency. Similar experiments ware carried
out in macrqoages. Recently other investigators cxapared the replicative
capacities of SIV Nef+ versus Nef- viruses. They also foundu Nef-mediated
suppression to be dependent upon low moi ownditions and also observed a lag period
for viral growth in the presence of Nef. Finally, there are other examples
dcmunstrating the relevanc of the moi when determiring the function of other HIV-
gene produtxs, including Vpr and Vpx.

Other factors cxitributing to the difference observed betwn our laboratory
and that of Kim and caxrkers may involve different modes of virus transmission.
In our system, Jurkat cells ware cocultivated with COS cells which ware constantly
shedding extremely low ncentraticns of virus, too low to be detected by reverse
transcriptase activity. Viral tranission may be either through cell-to-cell
contact or via cell-free virus. In coantrast, Kim and colleagues used virus derived
from lynphocytes and adjusted the level of the virus inocula based on measurable
reverse transcriptase activity; additionally, there are several amino acid
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differenxes between of our nef allele and that of Kin et al, and it is interesting

to note that the Nef proteins differed with respect to the mobilities on SDS PACE.

b) To ctoracterize Nef responsive seauenp

Stimulation of T cells ky T-cell-specific stinuli (e.g. antigen and antibody
to (C2 or (D3) or nonspecific mitogens (e.g. phytdormagglutirLnr. rPHA] and phorbol
12-nyristate 13-acetate [PMA]) results in the induction of the MZNA binding activity
of the host transcriptian factor, NF-kB. The NF-kB family of p-oteins normally
regulates the expression of genes involved in T-cell activation and proliferation,
sxh as interleukin 2 (IL-2) and the alpha subunit of the IL-2 receptor. he human
imunrdef iciency virus type 1 (HIV-1) proater possesses two adjacent NF-kB-birdinq
sites, &Aich allows the virus to subvert the normal activity of NF-kB to enhanc its
own replication.

Previous work suggests that the HIV-1-encoded Nef protein serves as a negative
regulator of HIV-I replication. FUthenrcre, we and others have found that Nef nay
supress both HIV-1 and IL-2 transcription. To investigate whether Nef affects the
EM1 binding activity of NF-kB or other transcription factors inplicatel in HIV-1
regulation, we used the human T-cell lines stably transfected with the nef gene.
Jurkat (J25) human T-cell clone 133 constitutively expresses the NL4-3 nef gene.
22F6 cells represent another antibiotic-resistant clone, of J24 cells; hwver, these
cells do not contain nef sequences and do not express Nef. Additionally, we used
oligoclcral Jurkat E6-1 and HPB-AIL cells expressing the SF2 nef gene either in the
carrect orientation (Jurkat/Inef&N and HPB-AIL/InefS&S1 cells) or in the reverse
orientation (Jurkat/LfernS and HPB-ALL/Lfensu cells) with respect to the Molcney
murine leukemia virus promoter. These cells represent a mixed population of cells
expressing Nef to various degrees and ware ,:-md to exclude the possibility that
clonal selection accounts for Nef effects ol- ,c' 'ed in the J25 clones.

To determine the impact of T-cell activation on the expression of Nef, the
human T-cell lines ware stimulated with PHA and PMA. Cells were maintained in
logarithimic growth in RRMI 1640 medium supplemented with 10% fetal bovine seruma
and 2 iM glutamine. J25 and Jurkat E6-1 cells (5 x 1P) and HPB-ALL cells (1.5 x
1O7) were either not stimilated or stinulated with 13 ug of PHA-P (Sigma) and 75 ng
of PM (Sigma) per ml for 4 h. The cells were lysed in RIPA buffer, and lysates
ware imaipprecipitated with rabbit polyclcial anti-Net sera. The mUuIxipiates
ware subjected to SDS-PAGE (12% polyacrylamide), and the proteins ware transferred
to nitrocellulose for Western blot analysis. The primary antibody was the rabbit
anti-Nef-serum, and the secondary antibody was alkaline phot atase-onjugated goat
anti-rabbit immuroglcotulin, sepcific for the heavy diain (Pramega). ¶lhe proteins
ware visualized by color development with nitrnilue tetrazolium and 5-brcam-4-
ctilro-3-irdoylphosphate toluidinium (Pramega). Band intensity was determined by'
laser densitcuetry scannirg of the Western blot and was in the linear rarge of
analysis as established kb a standard curve. Jurkat E6-1 cells waree obtained from
the AIDS Repository, American Type Cilture Collection (Arthur Weiss), and ware
stably transdixed with the SF2 nef gene as previously described.
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FIG. 1. Immunoblot analysis of the HIV-1 Nef protein in stably
transfecteC and transduced human T-cell lines. Cell lysates were
immunoprecipitated with rabbit anti-Nef polyclonal serum, electro-
phoresed, transferred to nitrocellulose, and immunoblotted with the
same anti-Nef serum. The cells were either unstimulated (-) or
stimulated (+) with PHA and PMA before cell harvesting. Pres-
rained protein size markers are indicated on the left in kilodaltons.
Nef protein in the 133 cells (21) was expressed from the nef gene of
isolate pNLA32 and had an apparent molecular mass of 27 kDa,
whereas the Nef proteins expressed in the Jurkat E6-1 and HPB-
ALL cells were encoded by the nef gene of isolate SF2 and
demonstrated an apparent molecular mass of 29 kDa. Immunoglob-
ulin G (IgG) heavy chain, which was present in the antiserura used
for the immunoprecipitation step, is indicated at the right.

Fig 21

IMAMi blot analysis with anti-Nef antibodies shce that sti•iulaticr caused a
tbw- to threefold increase in Nef expression in clone 133 cells (Fig. 21). This
increase was proably due to the inducibility of the cdhxieric simian virus 40 (SV40)-
human T-cell lekeimia virus type I prroter used to direct Nef expressicn. Ha0ever,
Nef expressiCn Was not irduced in the Jurkat E6-1 or HPB-AUL cells (Fig. 21). Mbe
level of Nef expressed in these cells is comparable to the aMount of Nef generated
bY HIV-1 in productively infected CEM humia T cells (data not shown). The
difference in the apparent moleclar weight of the Nef produced in clone 133 cells
and those produced in the Jurkat/LnefSN and HPB-ALL/Inef•SI cells is due to the
presence of an alanine at amino acid positicn 54 in the NIA-3 nef gene cmpared with
the presence of an aspartic acid at that positicn in the SF2 nef gene. ¶ihe anmunt
of lysate equivalents loaded in the HfB-ALL/nefSNS1 lanes was threefold higher than
that of the Jurkat/tnefSN lanes. Ne rtless, the amount of Nef expressed in the
HPB-ALL/nefSS1 cells was appraidmately fourfold higher than the amount produced
in the Jurakt/Inef• cells (Fig. 21). Nef did not appear to be toxic in that Nef-
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producing cells exhibited the same doubling time and morphology as the control
cells.

Gel shift assays were performed with nulear extracts prepared from stulated
and unstimulated cells. Nuclear extracts were prepared from 5 x 107 cells with a
modified versicn of the method of Dignam and colleagues as adapted by Mcntmirry and
Bilezikjian. Following ammonium sulfate precipitation, nuclear proteins were
resuspendd in a 100 ul solution containing 20 iTM HEPES (N-2-hydroxyethylpiperazine-
N'-2-ethanesulfcnic acid, pH 7.9), 20 irM KC1, 1 ztM MgC12, 2 ntM DIT, and 17% glycerol
with the addition of 10 uM NaF, 0.1 irM sodium vanadate, and 50 mtM beta-glycerol-
phosphate. Cytoplasmic extracts crnsisted of the supernatant re'sultinq from the
lysis of cells in hypotcnic lysis solution, douncing, and low-speed centrifgugation
to pellet nuclei. Birding reaction mixtures contained 2 ul (2 ug) of nuclear
extract (Fig. 22a through d) or 6 ul (7 ug) of cytoplasmic extract (Fig. 22e), 2 ug
of poly(dI-dC) (Pharmacia), 100-fold molar excess of unlabeled NF-kB mutant
oligmcrleitde (AaIYrrit CDGIcIMC-rX A), and 20,000 cpm of end-labeled
oligonucleotide probe in EMA binding buffer in a final volume of 22 ul. Reacticns
were performed at 3W? C for 25 min, immediately loaded on a 4.5% polyacrylamide gel
with 0.5 X Tris-bcrate-EDrA, and -un at 200 V. Oligorcleitdes used were as
follows: NF--KB, . - U:. I CI ; SP-l, C

O. All EMA probes were gel purified and end labeled with
gamma-32P-AmP. he internity of the indicated bands was determined by laser
densitcmetry and by measurinr the radioactivity of excised bards in a liquid
scintillation counter. ¶here was a linear relationship between the amount of
extract used and MA-binding activity (data riot shon). Ihere was n NF-kB WA
binding activity with the cytoplasmic extracts in the absence of decDycholic acid
(data not shon). Protein cocntration was determined with the Bradford reagent
(Biorad) with bovine serum albumin as a stardard. Nuclear extract preparations and
binding reactions were repeated on three separate occasicns with snimlar results.

ahe inucticon of NF-kB activity in stimulated 133 cells was suppressed 5-7-fold
compared with that of the 22F6 cells. This irnibiticn was evident 40 min poststimu-
lation and wuas sustained throughout the 4 h stimulation period (Fig. 22a). J25
clcne 22D8 cells represent a distinct clcnal cell line, whidh, like the 133 cells,
also stably express Nef. NF-kB inducticn was suppressed 4-5-fold in the 22D8 cells
coumpared with that of the 22F6 cells (Fig. 22b). NF-kB suppression was more pro-
found in the 133 cells than in the 22D8 cells, which correlates with the observation
that Nef expression was higher in the 133 cells. Similar to the Nef-expressirn J25
clones, Nef inhibited NF-kB irduction 3-4-fold in the JurkatInef S and HPB-AIL/Ineif-
SNSI cells compared with their non-Nef-expressing coxuterparts (Fig. 22c and d).
Nef-mediated NF-kB suppression was more profound in the Jurkat/TnefCN cells than in
the HPB-ALL/LnefSNSI cells, even though the HPB-AIL/InefSNSI cells expressed several
fold higher levels of Nef. This result is likely due to the biological differences
that exist between dke two cell lines. That is, Jurkat cells may be more sensitive
to the effects of Nef than HPB-ALL cells because of differential expressicn of pro-
Leins involved in signal transduction. That Nef-mediated NF-kB suppression in the
133 and 22D8 cells was greater than in the Jurkat/LnefSN and HPB-ALL/InefNSI cells
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nay be due to the expressicn of a different nef allele in the 133 and 22D8 cells.
Alternatively, this result could be due to the fact that every cell in the culture
of 133 and 22D8 cells pro~d:)e a relatively high level of Nef, whereas the
Jurkat/LnefSN and HPB-AIL/InefSNSl cells reresent a mixed pcpulaticn of cells
expressing low and high levels of Nef or nm Nef at all.
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Fig 22 the NF-KB DNA prohe as described in the text, in the presence of 0.6C• deoxycholic acid (Sigma). N, S. and P. NF-KB-specitic binding.

SP-1-specific binding, and free probe, respectively. SP-I binding served as a control for cxtract quality and specificity of Nef effects. C'old
indicates that 100-fold molar excess of unlabeled DNA was added for competition. ns, niiiisecific bindlrhg. tData repres-,nt at least three

independent experiments.
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NF-kB activity in nuclei fram unstinulated cells was extremely low but
detectable, and no difference between the Nef-expressin and control cells ware
oerved (data not shown). itionally, when cytoplasmic extracts fr
unstimulated cells were treated with deuxycholic acid (whidi releases NF-kB frao its
cytoplasmic inthbitor AkB), they exhibited NF-kB activity indepedent of Nef
expressicn (Fig. 22e). Finally, that Nef supressed the level of NF-kB induction
after only 40 min of stimulaticn suggests that Nef does not suppress p1l0 or p65 NF-
kB mRNA expression. ¶fhes cbservations indicate that Nef affects the recruitment
and not the cytoplasmic coxrentraticn of NF-kB. The bixding of SP-I was ndependent
of Nef expression ad stimulation, and the amount of SP-I probe used in these gel
shift assays was not limited (Fig. 22a through e). In addition, no differences in
binding to NFAT-, LIF-, and Uý-specific probes betwen 22F6 and 133 cells were
observed (data not shown). 2-hese data suggest that Nef specifically inhibited the
induction of NF-kB activity.

To further demonstrate Nef's supressive effect on NF-kB recruitment, 22F6
cells were transiently transfected with UNA plasmids expressing Nef fram the SV40
early promoter, pSVF/N, or the cyta alwovirus inmediate-early pramoter, pCMVF!N:
or with plasmids containing frameshift nutaticrs in the nef gene (pSVF/N and
pCMVF/Nfs, respectively). Nuclear extract preparation and ENA binding reactions
were as described above. 22F6 cells (2 x 101) (Fig. 23a) ware transfected with 30
ug of the indicated plasmid NA by using DEAE-dextran. Briefly, cells (16) ware
incubated with plasid EM suspended in a soluticn containing 10 ml of serum-free
RPMI 1640, 0.25 M Tris, pH 7.3, and 125 ug of DEAE-dextran (Sigma) per ml at 37-Z
for 40 min. Fbllowin centrifugaticn at 2,000 x g for 7 min., the cells were
maintained in growth medium for 60 h prior to stimulation and cell harvesting.
Pla.nid pSVF/N is similar to plasnid pSVF, exmept. that HIV-1 nucleotides 8994-9213
(indlcuing the NF-kB recognition sites) and 3' flanking cellular sequncs were
deleted. Plasmid pSVF/N was digested at the unique Bgl II site at codon 88 of the
nef gene, the sticky ends ware filled in with the Klenow fragment of EIA polymerase
I, and the plasmid was religated with T4 E•A ligase. This plasmid was called
pSVF/Nfs to indicate the intrcdicticn of a frameshift in the nef gene. qhe Barn HI
fragment fran pSVF/N and pSVF/Nfs, which includes the entire length of the HIV-l
sequences present in these clones was inserted into the vctor pCB6 in the correct
and incurrect orientaticn with respect to the cytamegalovirus immndiate-early
promoter to generate p(OVF/N and pC2VF/Nfs, respectively. Cells transfected with
plasmids pSVF/N and pCMVF/N express Nef protein, but cells transfected with pSVF/Nfs
and pCMVF/Nfs do not, as determined by Western blot and immrncprecipitaticn analysis
(data not shown). Transfecticn efficiency was determined by ontransfecticn with 2
ug of pSV2-CAT. Chloaphenicol acetyltransferase (CAT) activity (reported as the
percent conversicn to acetylated products) was determined as described below, and
the values for the pSVF/N fs-O-, pSVF/N fs-4-, pSVF/N-4-, pCMVF/N fs-4-, and
p(4VF/N-4-transfected cells were 51, 60, 61, 58, and 61%, respectively. A USF-
specific DNA probe (correspcrding to nuclectides -159 to -173 of the HIV-1 lcrn
terminal repeat, GC C G AGCIG) was used as a control for the
specificity of Nef effects and extract integrity. Iocrmzycin (Sigma) (Fig. 22b) was
used at a cocwentraticn of 2 uM. Anti-p5O, anti-p65, anti-v-rel and prebleed sera
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(Fig. 23c) wre kindly provide by Mark Hanik (University of Missouri, Columbia,
MO). Because the gels in Fig. 23a and b ard Fig. 22 ware run for a shorter length
of tine, the two bands indicated in Fig. 23c appear as one band in Fig. 23a and b,
and Fig. 22.
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FIG. 3. Gel shift analysis of nuclear extracts prepared from 22F6
P ecells (a) transiently transfected with the indicated DNA plasmids

P - that were not stimulated (0) or were stimulated for 4 h (4) with
PHA-P and PMA and 22F6 and 133 cells (b) stimulated for 4 h with

Z PHA-P (H), PMA (M), or ionomycin (1) (2 gM) or combinations of

C 90 any two mitopens. N, U, S, and P, NF-KB-specific binding, USF-
. ,specific binding, SP-1-specific binding, and free probe, respectively.

4 .(c) Nuclear extract 22F6 H+M from pane' b was preincubated with
a a a a the specified antiserum for 15 min before the NF-KB DNA probe

was added. NF-KB p65-pSO heterodimer- and p50-p5O homodimer-
DNA complexes and supershifted heterodimer- and homodimer-
DNA-antibody complexes are indicated at the right. Data represent

M sh at least three independent experiments.

-- upershift

P50-psO

Fig 23.

NF-kB induction was consistently inhibited at least two-fold in cells
transfected with either pSVF/N or pC4VF/N calmred with cells transfected with 'their
nef mutant coxnterparts (Fig. 23a). Transfection efficiencies in these experiments
were deterMined by cotransfectirg cells with the PSV2-CAT plasmid and measuring CAT
activity. No significant differences in transfection efficiercy between the nef-
express ini and the nef nutant plasids were observed (Fig. 23a). Mhe suppressive
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effect of Nef in these transiently transfected cells was not as dramatic as the
effects observed in the stably transfected and transduced cells. M-he more subtle
effect of Nef in this experiment may be due to the expression of a nef allele %hich
was derived from an HIV-l isolate distinct from either the NLA3 or the SF2 isolates.
In addition, cells which did riot receive the nef expression plasmid during the
transient-transfecticn process were not eliminated (by antibiotic selection) from
the total cell population.

To explore the relative acitributiors of individual mitogens to the recruitment
of Nef-ihiibitible complexes, cells were stinulated with either PHA, PMA, or
iocwycin alone, or in combination. The maximal inducticn of NF-kB activity
occurred W1en PHkA Was combined with FM (Fig. 23b). This result coupled with the
observaticn that PHA mimics the effects of the natural ligand for the T-cell
recetor (TMR) complex suggests that Nef may utubit signal transducticn emanating
from the 'IR •cuuplex. The addition of the C•+ ition ore, icmWycin, when coupled
with lMA treatment partially substituted for the absence of PHA with respect to NF-
kB inrxiin (Fig. 22b). Hawevr, icnmycin treatment did not significantly reduce
Nef's iriubitory effects, sugestin that events other than C•+ mobilization pay
be disrupted by Nef . ing antibodies against the p50 and p65 NF-kB subunits, we
found that Nef-inhibitible ccuplexes included both p5O-p5o hamodimers and p50-p65-
heterodimers (Fig. 23c).

7b determine utether Nef-mediated inhibition of NF-kB binding activity
oarrelated with a decrease in transcriptional activity, cells were transfected with
EMA plasds by using the HIV-1 long terminal repeat to direct expression of a
heterologous gene product, CAT. Jurkat cells were transfected, as described above,
with 15 ug of the CAT anstructs indicated in Fig. 24. Follwing tranfecticn, the
cells ware maintained in grAwth medium for 24 h. Cells were or were not treated
with PHA-P (13 ug/ml) and PMA (75 ng/ml) and incubated for an additional 18 h. Cell
extracts were preared, and CT activity was assessed by standard methods. Extract
equivalent to 3 x 1Ci cells was used for each 18 h reaction. CAT activity was in
the linear range of analysis with respect to extract amount and irruibtion time
(data not shown). CAT assays ware nrmralized to a noninckyible control plasmid,
RSV-@AT (2 ug), which was transfected in parallel with the HIV-I-C!T plasmids as
described above. Assays ware also normalized to protein crscentraticrE as
determined by Bradford reagent analysis (Biorad). 1he amount of CAT activity was
quantitated b~y excising the spots correspordiirg to the unacetylated aid acetylated
forms of 14C-chlorantienicol and measuring radioactivity in a liquid scintillation

unter. CAT activity is expressed as the percent of radioactivity in the
acetylated forms conpared with the sum of that of the acetylated and unacetylated
form. The wild-type HIV-I-CAT (CD12-CAT) was derived by a s•all deletion in the
nef coding sequence upstream of the long terminal repeat start site of clone CI5-
CAT), mutant NF-kB HIV-CAT and ILr-2-CAT plasmids ware genercusly provided by Steven
Jospehs, Gary Nabel, and Gerald Crabtree, respectivly. DeltaNRE-HIV-I-CAT was
generated by excising the Ava I-Ava I fragment froa HIV-1-CAT and therefore lacks
the negative regulatory element sequernes present in HIV-I-CAT.
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FIG. 4. CAT assays of extracts from cells transiently transfected
with HIV-1-CAT and IL-2-CAT DNA plasmids. J25 (a) and Jurkat
E6-1 (b) cells were transfected with the CAT constructs as indicated
above each panel. Cells were not induced (-) or were induced (+)
with PHA and PMA. CAT activity was determined by conversion of
unacetylated [I4 Clchloramphenicol (CM) to monoacetylated forms

i 24 (AC). These data represent at least three independent experiments.
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CAT activity correlated wall with A-birding activity in that 133 cells
exhibited a capacity to induce CAT activity that was fivefold less than that of 22F6
cells (Fig. 24a). Similarly, CAT activity inducticn was sugressed twofold in the
Jurkat/InefSN caels compared with that in the Jurkat/Lfenw cells (Fig. 24b). This
irihdbitiun was demorLtrated with both wild type HIV-1-CAT and the negative
regulatory element deletion clone, deltaNRE-HIV-1-@I, which lacks nucleotides -453
to -156 of the HIV-l long terminal repeat (Fig. 24a and b). Ths result suggests
that negative regulatory element sequenes are not primary targts of Nef regulation
in stimulated T calls. An HIV-I-CT plasmid containing mutated NF-kB sequences was
induzed, at most, only twofold above kbsal levels, and indixtion was ir•depdent of
cell type and Nef expression (Fig. 24a and b).

M-he impcrtance of NF-kB with respect to the urdixticn of IL-2 by T-cell
mitogens was daemnstrated by Hoyos and colleagues. Miese authors sxowed that the
ldurction of CAT activity was prevented up to 80% with IL-2-CAT constructs bearing

mutations in the NF-kB site compared with that of IL-2-CT constructs containing
wild-type NF-kB recogniticn sequen . As previously reported, we found that Nef
profoundly suppressed the inducticn of CAT activity directed by the IfL-2-CAT plasmid
in the 133 calls (Fig. 24a). W4ere there was a 50- to 60-fold induction of CAT
activity in the 22F6 cells, there was only a 2- to 3-fold inductcin in the 133 cells
(Fig. 24a). Although NF-kB appears to play an important role in IL-2 irdcticn, it
is possible that Nef blocks other factors in addition to NF-kB which may be required
fo, the efficient irducticn of ILi-2 qene expression. MTs possibility may explain
the hramtic suppressive effect of Nef on IL-2 induction compared with the results
of Hoyos and colleagues. CAT activity cenerated by the IL-2-CAT c truct was
min ed to amuch Iloer extent in the Jurkat E6-1 cells. Ths result is likely ch

to differenc that exist betwn Juriat E6-1 and J25 cells. Despite the low level
of inducticn, of the IL-2 pmuter in the Jrkiat E6-1 cells, CAT activity was higher
in the Jurkat/Ifenr cells than in the Jurkat/InefS calls (Fig. 24b). Nef did not
affect CAT activity driven by the SV40 early promxter or the pramoters fro Rous
sarco viru, the tmalcvirus, or the Mascr-Pfizer muukey virus, indicating
that Nef specifically suppressed the HIV-I and ILr-2 promoters (data not sly=n). Mie
Jurkat E6-1 cells were transfected with equivalent efficiency; however, the Nef-
expressing 133 cells were more easily transfected than were the control cells (22F6
cells). Therefore, CAT activity generated by an RSV-CAT plasmid that was
transfected in parallel was used to assess the transfecticn efficiency and to
normalize the CAT activity derived from the HIV-I-CAT and IL-2-CAT constructs.

The observation that Nef prevents IL-2 induction (Fig. 22a), coupled with the
demorntraticns that IL-2 induction requires CD4 and p56& and NF-kB recruitrent,
provides additional evidence to suggest that Nef urcouples signals originating fra
the TMR. Furthermore, the =IR complex induces NF-kB activity after treatment with
antibodies to either 0)2 or 0)3. Nef inhibits the inducticn of IL-2 by both of
these stimuli.

Interestingly, Nef has been reported to down-modulate the surface expression
of CD4. Althogh Nef did not affect the rate of CD4 transcription or translaticn,
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the mectanism by which Nef mediates the dmin-modulaticn of CD4 at the cell surface
remains unclear. 7he conrection between Nef-mediated negative effects on 0D4 cell
surface expressicn and HIV-1 and ML-2 regulation has not yet been established.

Previously, we and others reported that HIV-I Nef mediated HIV-1
transcriptiunal suppression. Saoe investigators ware unable to confirm this effect;
however, differenes in experimental approaches my explain the apparent
discreany. For the first time, the data presented here suggest that the primary
unIerlying event in Nef-m ated transcriptional repression in activated T cells is
the inhibition of indicticn of NF-kB activity. In vivo, this supression may limit
the production and cell surface expression of viral gene products in infected clels,
thereby allowing the cells to evade clearance y the cellular and humoral arms of
the immune response. This model far Nef-uediated viral persistence in vivo my be
consistent with the results of Kestler and colleagues whidc damtnstrated that the
presenc of an intact nef gene was required to prolong SIV infecticn and induce
pa esis in infected macaques. Furthermore, we and others I - trated that SIV
Nef inhibited SIV replication in vitro in a way that was analogous to the way in
which HIV-I Nef inhibited HIV-1. It is possible that high-level Nef expression
early after infection is sufficient to maintain HIV-1 in a relatively latent state,
w•ich my be critical for establishing a reservoir of HIV-I infected cells and the
evenbual development of AIS.

We also explored gel retard complexes using a 32P-oligorucleatide
Correspond i to the BIV-I AP-I EM4A recognition site. In the parental 22F6 Jurkat
cells, an rxiued AP-l/EMA ccmplex which was not present in unstimulated cells, was
detected between 1 and 2 hr pati ad was abdant 4 hrs post-stinulaticr.
In contrast, the recruitment of the same AP-1/EMA complex was inhibited 5-fold at
2 hr and 9-fold at 4 hr in the Nef expressing 133 cells compared to the 22F6 cells
(Fig. 25). Addition of 100-fold molar excess of unlabeled AP-I specific
oliganuxleotide inhibited the appeara-nce of the major inducible cumplex (Fig. 25).
However, an oligcnrleotide with three nucleotide substitutions in the AP-l
recognition site did rnt cumpete away the inducible cumplex, and we included a 100-
fold excess of the unlabeled mutant AP-1 olignxlectide in all binding reacticns
as a rcn-specific inhibitor.

Mhe presence of the corstitutive AP-1/tNA complex (the slowest migrating
cumplex in Fig. 25) was minimially if at all, affected by Nef and may be due to the
constant presence of serum in the cell growth media. Moreover, this cumplex was not
inducible (Fig. 25b). In addition, the constitutively active transcription factor
SP-1 was not affected by the presence or absence of Nef, and was used as a control
for extract quality (Fig. 25). Iherefore, Nef inhibited the inducible AP-I/ENA
complexes, specifically.
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FiG 1. Gel shift analysis of AP-1 DNA binding activty in extracts prepared from Jurkat 25 cells. Cells were stimulated with PHA-P (1 3,gtgmI.
[SIGMA]) and PMA (75 ng/ml. Sigma) for 0. 40. 80. 120, or 240 min. Oligonucleotide probes used for binding are specified on the top of each
panel. A indicates the in6ucible AP- 1/DNA complexes. S and P represent SP-1I-specific binding and free probe, respectively. SP-i1 binding served
as a control for extract quality and specificity of Nef-mediated effects. Cold indicates that 1 00-fold molar excess of unlabeled DNA was added for
competition. Methods: Cells were maintained in logarithmic growth in RPM[ 1640 medium supplemented with 10% fetal calf serum and 2 mM
glutamine. Nuclear extracts were prepared from 5 X 1 07 cells using a modified version of the method of Dignam et at. (36) as adapted by
Montminy and Bilezikjian (37). Following ammonium sulfate precipitation, nuclear proteins were resuspended in 100 gil of 20 mM H-EPES (pH
7.9). 20 mM KCI, 1 mM MgCI,, 2 mM OTT. and 17% glycerol (38) with tie addition of 10 mM NaF. 0. 1 mM sodium vanadate. and 50 mM
0-glycerol-phosphate. Binding reactions contained 2 ,il (2 jig) of nuclear extract, 2 tig poly(dl-dC) (Pharmacia). 1 00-told molar excess of unlabeled
intragenic AP- I mutant oligonucleotide (GATCTCAAAGOGGATATCAGCTGGTTAATCAAATAAT). and 20-40.000 cpm of end-labeled oligonu-
cleotide probe, in DNA binding buffer (39), in a final volume of 22 Ail. Reactions were performed at 30* for 30 min, immediately loaded onto a 4.5%
polyacryfamide get using 0.5X TRE. and run at 200 V. Oligonucleotides used were as follows: AP-1, CAGGGCCAGGAGTCAGATATCCACTGA-
CCTTTGGATGGTGCT; SP- 1. CAGG3GAGGCGTGGCCTGGGCGGGACTGGGGAGTGGCGTCC. All DNA probes were gel purified and end-labeled
with [,Y_

32 P]ATP. The intensity of indicated bands was determined by laser densitometry scanning. There was a linear relationship between the
amount of extract used and the DNA binding activity. Nuclear extract preparations and binding reactions were repeated on three seoarate
occasions with similar results.

Fig 25.

Gel shift analysis with extracts prepared from stiimulated ani tnstimuilated HP)B-
ATL cells afforded results similar to those ob~tained with the Jurkat cells (Fig.
26). However, in conztrast. to the Jurkat cells, the mitiogen-irduicible AP-1/WIA
cxplexes were present in urotitumdated Cells as well as the stiird~atzid cells.
Ww#~reas the- stixtulatable AP-l/EM cxmplexes. in the HPEI-AIL/Lfen cells ue,_ i-rduced
arrr aidmately 5-fold after 4 hrs of PH-A and PMA treatment, there was no signif icant
irdb txicrx Of these xiiplmexs In the HPi:B-A1L/InefS1 Cells (Fig. 26). In this
experimrent, the anx~nt of AP-1P activity in the Urstiitulated H:)-ALL/Lfen¶M cells was
lowr than the HPB-A1L/InefSNS1 cells, hadever, this was not a consistent finding.
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In this experinmnt, we inc1ixki another Nef rxn-respcrisive trarscriptiom factaor, USF
to demoma itrate the s[ci~f icity of Net action ard the untegrity of the extract. 'fle
a - xarent A dif f ereice in mnigrationi of the majar iriuxible AP-1,EN cxmplexes between
the IiFB-AIL ard the Juizcat olalls prckably ref lects differences that exist bebiee
the different T-cel11 lines.

AI'-I USF S11-I

z z z ~ z a

A-.-

FIG. 2. Gel shift analysis of nuclear extracts prepared from HPB-ALL cells that were not stimulated -)or were stimulated with ()with PHA (1 3

Mg/mI) and PMA (75 ng/ml) for 4 hr. The labeled oligonucleotide probe used is indicated above each panel. The A's indicate inducible AP- 1/DNA
complexes and P represents free probe. Methods: Nuclear extract preparations and DNA-binding reactions were performed as described in Fig.
I . For the USF probe, we used an oligonucleotide corresponding to nucleotides- 159 to -t173 of the H(V- I LTR (40), GCCGCTAGCATTTCATCA-
CGTGGCCCGAGAGCTGG. Experiments were repeated three times with similar results.

Fig 26.
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Previous studies indicated that c-fos expressin is indced by PJHA, the calcium
icarire A23187, and PMA. In order to determine the signalling pathway required
to indxce AP-1 UNA bining activity, we assessed the role of PHA, PMA, and the
calcium icnaiicM, icnumycin, alone or in combination (Fig. 27a). Interestingly,
the inducton of AP-1 activity was maximal with PHA treatment alone and addition of
PMA did not significantly increase AP-1/1A complex formation. The level of
inducible AP-1 activity was 18-fold higher in the 22F6 cells chmpared to the Nef
expressirn 133 cells with PHA alone (Fig. 27a). PMA alone only slightly induced AP-
1 activity in the 22F6 calls, ho;Aever, no detectable AP-1 activity was observed in
the 133 calls treated with PMA alone (Fig. 27a). Icrxmycin alone was not sufficient
to elicit AP-l recruitment in either cell line (Fig. 27a).

T¶ll activation is radiated by ireased &+ influx and PKC activation which
both occr as a conseun of rtstolipase-C activation by the T-oell receptor
(ItM) complex. Treatment of the Jurkat calls with a combination of icn=mycin and

PMA, which both bypass the TM xcmplex, led to significant indcuticn of AP-l
activity, albeit 2.5-fold less efficiently than PHA alone. Mreas there was an 18-
fold higher level of incbr~ AP-1 EMA-binding activity in the 22F6 calls ccapared
to the 133 calls using PHA alone, there was only a 3-fold differec using the
combination of icnzuycin and PM. Since PHA mimics the normal activati-n signal
(i.e. antigen binding to TIM) of T cells, it appeared that Nef exerted its effects
primarily (althoxgh rot exclusively) on TCR initiated signalling, as has been
suggested previously.

To determine whether the indixtion of AP-1 activity required the activation of
pre-existin oxmplexes or new protein synthesis, cyclcheximide was added 30 min.
before mitogen treatment. 7hat cyclcheximide treatment inhibited the recruitment
of AP-1 activity, suggests that de rnvo protein sysnthesis miust be involved (Fig.
27b). Tus result was consistent with the observation that two hours of stimulation
were required before significant inducticn of AP-1 E1NA binding activity (Fig. 25).

To identify the polypeptides present in the indciible AP-I complex, we
incubated rnclear extracts derived from the 22F6 cells with anti-c-Fos and anti-c-
Jun antibodies, prior to the addition of labeled oligcoucleatides (Fig. 27c).
Antisera to both c-Fos and c-Jun inhibited complex formation apprately 3-fold,
suggesting the presence of c-Fos and c-Jun in the complex. However, these
antibodies did not cause a super-shift, presumably because antibody binding to c-Fos
and c-Jun caused confcrmaticnal changes which are not permissive for E1'A binirng
activity. In these experiments, normal rabbit serum and anti-Nef antibodies ware
used as negative controls.

Previcous studies indicated that the binding of AP-I to the HIV-I-taR AP-l
recognition sites play little, if any, role in affecting transcriptional activity.
Zeichner and ctmixers generated several HIV-l-MR-CAT linker-scaniing muxtants in
the region of the AP-1 recogniticn sites and transfected the mutant plasmids into
Jurkat cells. There ware no significant differences in CAT activity between the
wild-type HIV-1-LTR-CAT plasnid and the AP-I mutant plasmids in cells that ware or
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were no~t stimilated with PHA and HiiIA.

AP-1 SP.1

+ =+

CC

C+,

bylhxmd C4 CA C C-4

Ac u C C u C

USF----

Ai -

APl' USI I Lane 1 2 3 4 567 8

FIG. 3. (a) Gel shift analysis of nuclear extracts prepared from Jurkat 25 22F6 and 133 cells stimulated for 4 hr with elmner PHA-P (H). PMA (M).
or ionomnycin, 2 MM (Sigma). (1), or combinations of any two mitogeos. A, S, and P indicate AP- 1 -specific binding. SP- I -specific binding, and free

Frig probe, respectively. (b) Jurkat 22F6 cells were (4) or were not treated (-) with cycloheximide (20 ,ug/ml, Sigma) for 30min prior to stimulation for 4

27 hi wih PHA-P and PMA The labeled oligonucleotide used is indicated on The side of each panel A,. A,. USF. and n s indicate constitutive
AP ; /DNA complex, inducible API1/DNA complex, USF-specific complex, and not specific,, respectively. The "cold DNA" indicates that 100-
fold molar excess of unlabeled oligonucleotide (the same oligonucleotidle used as the probe) was used as a non-specifc competitor. (c) Nuclear

extrOrcts from 133 cells (lanes 1, 7. 8) or 221-6 cells (lanecý 2-6, 8) were preincubatedj withi 4 pl of the specified antisera for 30 min before the AP-i1
50 DW N whe 11 wi:ý; ;iijdod The total vole 10 of the binding react ion was 50 p I. and I ) n I t f viilu i vva2 Wap lotPId 1o th no el Methods Nuclear

~'talPreparatIio ns aiid DNA fbindin ieacl loris were described iii f- q. 1, Artim c Fia ,el Iall c lwi~ini a i fllio \vew t %3,ned frQomti 1')T Ctrtn 1.3
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However, the inragenic AP-1 r nition sites were capable of maii-ting
tramnsipticnal activation following phlrbo1 ester teatment. Therefore, we clcned
a synthetic oligcrucleotide, oxrrespoding to the Wo adjacent AP-I sites with the
pol gene, or an oligcmleotide which contained three nucleotide substitutions in
these AP-1 consensus sites, into the polylinker of the edianr-less pCAT promter
plasmid (Pranea). These plasmids were called pCaT-IG-AP1 and pTO-MG-AP1,
respetively. Mhe pCAT priuter constru, in the abeence of the AP-1 sites,
oxntains the SV40 cure promoter, afforded low basal chloran#ikicol acetyltransferse
(CAT) activity in T-cells, and was not irndcible in T-cells following treatment with
T-c•ll mitogens (data not shown).

The pCAT-IG-AP1 and pCAT-MIG-AP1 constructs ware transiently transfected into
the Jurkat 22F6 and 133 cells, as well as Jurkat 25 clone 221)8 cells. The 22D8
cells rqpresent a distinct clunal cell line which, like the 133 cells, also stably
express the nef gene from HIV-1 isolate NIA3. Transiently transfected cells were
either rot stimulated or were stimulated with PHA and PMA for 18 hr and CAT activity
was then measured. CAT activity in transfected cells was relatively low, betwen
1-3% coversion to acetylated products. However, we found an average fold iinduiion
in CAT activity of 3.6 + 0.4 in the 22F6 cells transfected with the pCAT-IG-API
plasnid, zmpared to an average fold indLction of 1.4 + 0.2 in the 133 cells and no
irnkcticn in the 22D)8 cells (Fig. 28). Transfecticn efficiencies were higher in the
Nef expressing cells and were determned by parallel transfecticn with re-Nef
responsive promters including Rous sar•ma virus-CAT, cytcaigaovirus-CAT, and
simian polycma virus 40-CAT (data not shxon). 7hese determinaticns were
statistically significant, with 95% confidenc intervals, with respect to fold-
induction, of 2.8-4.4 for the 22F6 cells and the 133 and 221)8 cells is 1 in 1000..
CAET activity was not induced in cells transfected with the pQAT-MIG-AP1 construct,
indicating that the integrity of the AP-1 site in the irserted oligcnuclectide was
essental. Thus, Nef-m miated inhibition of AP-1 MA-birrbng activity preventý AP-
1-ediated transcripticial activation.

Vlat role AP-1 plays with respect to HIV-I regulation is unclear. Nef could
irnibit AP-1-mediated activation of HIV-1 directly, by preventing the interaction
of AP-1 with the intragenic edwxaner in the pol gene. In addition, by inhibiting
AP-1 induction during T-cell activation, Nef may affect the regulation of AP-1
activated cellular genes. Effects on such cellular genes may alter the cellular
e-ivircment, positively or negatively, which may indirectly affect HIV-I
replication. For exanple, the finding that c-Fos and c-Jun are early respcrse
mediators of T-cell activation, coupled with the observation that HIV-l cannot
replicate in resting, unactivated T-cells, presents a scenario for indxirect effects
of Nef on HIV-l expression.

In addition to mediating the st~pressicn of AP- inducticon, we found that Nef
also inhibited the mitcqen-niazed induction of NF-kB. NF-kB, like AP-I, is an
early resporse effector of T-cell activation and has been shown to be an important
activation of HIV-1 replication in stinulated T-cells. Thus, Nef mediated
inhibition of recruitment of both AP-1 and NF-kB may intensity the negative effects
on HIV-I replication in T-cells. By inhibiting virus replciaticn directly, and/or
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PY blocking T-cell activation, Nef my provide a reervoir of persistritly infected
calls uhidc my ultimately cxntribite to HIV-1 clinical latercy, BIV-1 mediated T-
cell depletion, and AIDS.

5

4

3-3

2 2

22F6 133 22DB 22F6 133 2208

g)CAT-IG-APi I CAT-MIG-AP I

FIG. 4. Chloramphenicol acetyltranferase (CAT) assays extracts
prepared from Jui'*at 25 cells transfected with the pCAT-IG-AP 1 and
pOAT-MlG-APi plasmids. The data are presented as the mean ratio
of the level of CAT activity present in cells stimulated for 18 hr with
PHA-P and PMA compared to the level present in unstimulated cells.
The error bars represent the standard deviation ý-. tLie mean. Meth-
ods: Jurkat cells were transfected with 40 ug of ý;i.'A dicated plasmid
using DEAE-dextran. Briefly. 107~ cells were incubated with plasmid
DNA suspended in 10 ml of serum-free RPMI 1640, 0.25 M Tris (pH
7.3), and 125 sg/ml DEAE-dextran (Sigma) at 37(0 for 40 min. Follow-
ing centrifugation at 2000 g for 7 min. cells were maintained in
growth media containing 10% fetal calf serum for 24 hr. Cells were
or were not treated with PHA-P (13 gg/ml) and PMA (75 ng/ml) and
incubated an additional 18-24 hr. Cell extracts were prepared and
CAT activity was measured by standard methods (4 1). Extract equiv-
alent to 3 )< 106 cells, as determined by Bradford reagent analysis
(Bio-Rad), was used for each 18-hr reaction. CAT activity was in the
linear range of analysis with respect to extract amount and incuba-
tion time. The amount of CAT activity was quantitated by excising
the spots corresponding to the unacetylated and acetylated forms of
[1"C]chloramphenicol and measuring radioactivity in a scintillation
counter. The plasmid pCAT-IG-AP 1 was generated by cloning a dou-
ble-stranded oligonucleotide corresponding to the two adjacent in-
tragenic AP-tI recognition sites (2) and containing a 8amHl sticky
end on the 5'end, GATCTCAAAGTGAATCAGAGTrTAGTCAATCAAA-
TAAT, and a Sall sticky end on the 5' end of the complementary
oligonucleotide, TCGAATTATTTGATTGACTAACCAGCIGAT-
TCACTTTGA, into the BamHl and Sall sites in the enhancerless
pCAT-promoter plasr,.-d (Promega). Plasmid pCAT.MIG-AP1 was
made in the same w,,,, except that the AP-t1 recognition sites in the
oligonucleotide usec for cloning were disrupted by substitutions at

Fig 28. the following, underlined positions. GATCTCAAAGCGGATATCAGC

52 TGGTTAAICAAATAAT. Cells were transfected 4 to 6 times with
52 each plasmid. a mean-told induction was calculatod, and the Stan

dwad deviation of the mean was determined. The average-fold induc-
tion and standard deviations were 3.6 ± 0 4, t 4 ± 0.2. and 0 9 , 0,1
for the 22F6, t133. and 22DB cells. respectively.
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¶Ih mechanim underlyirn Nef 's negative transcriptional effects on viral
transcription my be its ability to inhibit NF-kB activity in i-cells and NF-kB-like
activity in non-lynmioid cells, su&h as OOS cells. Ti•s conclusion is based upon
results obtained from Jurkat and COS cells transfected with HIV-1-LTR CAT constructs
containing nutaticr5 in both of the NF-kB sites. Basal CAT activity in these cells
was significantly lower cozpared to cells transfected with constructs bearing intact
NF-kB sites. MIhe effect of Nef on the NF-kB-like factors present in COS cells may
be identified by incubating rulear extracts from Nef-expressing and parental COS
cells with an NF-kB olig leotide probe. In these experirents, we will co-
transfect a plasmid expressing a chimeric versicn of NF-kB fusing the p65 and p50
subunits. It is expected that this assay system will have a low bacicugd, and
thus will be amenable to a transient transfecticn assay for Nef. This will provide
a useful system for analyzing the effect of various mutaticns in Nef.

That Nef inhibits the recruitment of NF-kB in response to the T-cell mitogen,
PHA, which acts presmbly thraxuh the T-cell receptor (IUR) cmplex, coupled with
the results of Luria and colleagues, uhich irdicate that Nef inhibits IL-2 mniA
inducticn, follcing treatment with anti-'IU and anti-CD3 antibodies suggests that
Nef inhibits signals emanating from the TCR ceplex. However, since Nef also
izhibits, although to a less extent, NF-kB and AP-l induction by PMA tcgether with
icnrrycin, whiuc bypasss the TMR, Nef may also affect signalling that occurs
donstream of the TMU cxmplex or through alternative pathways.

To evaluate the effects of Nef protein on activation of transcripticnal factors
through protein kinase C-irdependent mecianisms, Jurkat cells carrying the nef gene
(133) and the parental cell line (22F6) were stimulated with either UWF or LPS, and
the results were coupared with those from stimulaticn with PMA and PHA (Fig 29).
A nninrlucible factor, SP-I was used to control for protein coacentration and
quality of the extracts (Fig 29A). 24F or LPS irducticn of NF-kB (Fig 29B) and AP-1
(Fig. 29C) was not affected by the presence or absence of Nef protein in 133 and
22F6 cells, respectively. In contrast, the level of induction of both transcription
factors was decreased by 6-fold in the case of NF-kB and by 14-fold in the case of
AP-l, when the sane cells wpe. stinulated with PMA and PHA.

Similar results were obtained when the cxnpariscn was made betwn the
stimulaticn with IL-I and that with PMA or PHA (Fig 30). Nc inrucible transcription
factor LEF was used as a control (Fig 30A). NF-kB (Fig 30B) and AP-I (Fig 30C)
activation by IL-I was not significantly affected by the presence or absence of Nef
protein in 133 and 22F6 cells, respectively. Stimulation with PMA or PHA resulted
in down regualticn of NF-kB by 5-fold and AP-l by 15-fold in the presence of Nef
protein in this experinent.
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FIG. 1. Effect of Nef protein on induction of transcriptional factors AP-. and NF-K13 in T cells stimulated with ThF, LPS, or PMA and PI IA.
Gel shift analysis shows induction of transcriptional factors SP-1, NF-KB and AP-l I in Jurkat T cells (22F6 is the parental cell line, and 133 is the
Net protein-expressing line). Cells were incubated for 4 h with saline (-), TNF, LPS, or PMA and PHA (PIP). Retarded DNA-protein complexes
are shown; free DNA complexes are not shown but were equivalent in each lane. The experiments were performed three times with similar results.
The relative intensity of the bands was evaluated by laser densitometiy.
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Tb detenrine if induction of NF-kB and AP-1 cxrrelated with transcriptia-al
activity, cells wre transfected with ENA plasidsw ich use the HIV-I long terminal
repeat to direct expression of a heterologous gene product, CAT. Oells were
stimulated with rHIF ar IL-I (Fig 31). No difference in acetylaticn between the
cells expressing the nef gene, 133, and the parental cell line, 22F6, was found when
both cell lines were stimulated with either IL-i or ¶W (Fig 31A). Because Nef
protein also has been reorted to sa•ress the inductio of CT activity directed
by the IL-2 CAT plasmid, both 133 and 22F6 cells ctaini this plasnid were
stimilated with UIF or Iil-1 (Fig 31B). The results paralleled those obtained with
HIV-1-CAT. Mhese data indicate that Nef protein does not affect the induction of
transcription factors by the pathway(s) of T-"ell activation originating through UIF
or IDr-i receptors.
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To further evaluate the effects of Nef protein on signal transduction after pmA
or PHA stimulation, the effect of addition of a protein kinase inhibitor, H-7 was
examined (Fig 32). The ncninducible factor LSF was used as a control (Fig 32A).
PMA or PHA induction of NF-kB (Fig 32B) was 10-fold higher in the 22F6 cells than
in the 133 cells. The use of H-7 resulted in a significant decrease in NF-kB
induction in the cells that did rot express Nef protein. Sinilarly, PMA and PHA
resulted in the induction of AP-I (Fig 32C) to a level that was 15 times higher in
the calls rit expressM Net protein than in the calls exressir Net protein. H-7
blocked the induction of AP-I in the 22F6 cells. In bcth cases, the addition of H-7
to the Nef Protein-eqxpressing cells did not cause any further decrease in the
alreay low level of expression of the respective transcription factors.
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FIG. 4. Effect of Nef protein on induction of transcriptional factors AP-I and NF-KB in T cells stimulated with PMA and PHA in the presence
or absence (of 11-7. Gel shift analysis shows induction of transcriptional factors USF, NF-K13, and AP-I. Jurkat T cell, (22F6 is the parental cell
line. and 133 is the Nef protein-expressing cell line) were incubated for 4 h with PH-IA and PMA (P/P) or sterile water ( - ). 11-7 was added 3 mrin
prior to the incubation. Retarded DNA-protein complexes are shown. free DNA complexes arc not shown hut were equivalent in each lane. The

Fig. 3 2 c\periments were performed three times with similar results. The relative intensity of the bands was evaluated b\ laser densitometry.

To further establish that the effects of Nef protien were related to
stimulation throught he TIR-aD3 omplex, both Jurkat 22F6 and 133 cells were
stinulated by anti-CD3 cross-1inkixrg in the presence or absence of H7 (Fig 33).
Ncnincdtible transcription factor USF was used as a coitrol (Fig 33A). NF-kB
induction (Fig 33B) in 22F6 was increased fivefold by the addition of the antibodies
to the TUIt--D3 crmPlex. [he presence of H-7 attenuated the induction to a level
cotpxarable to that achieved in the 133 cells. Again, induction was not further
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decreased kb H-7 in the 133 cells, because levels were already fivefold lower for
the cells stimulated with anti-CD3 than for the Nef piotein-eqwessing cells. ien
the oligancleotide far AP-l was used (Fig 33C), similar results were obtained, with
differenIs of eightfold fOr the anti-O)3 antibody stinulation of 22F6 cells
aqnred with the 133 cells.
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FIG. 5. Effect of Nef protein on induction of transcriptional factors AP- and NF-KB in T cells stimulated with cross-linked antibody to CD3
(CD3) or soluble CD3 in the absence of immobilized anti-mouse igG (-). Gel shift analysis shows induction of transcriptional factors USF,
NF-KB, and AP-I. H-7 was added 30 min prior to the incubation. cP, cold probe. Retarded DNA-protein complexes are shown; free DNA
complexes are not shown but were equivalent in each lane. The experiments were performed twice with similar results. The relative intensity of
the bands was evaluated by laser densitometry.

Fig 33.

To ctrrobcrate that the effects an the regulaticn of transcription factors were
correlated with transcriptianal activity, CAT assays were perforned (Fig 35). Mle
pr a of acetylaticn was decreased by sixfold with the use of H-7 in the 22F6
cells stimulated with anti-CD3 for HIV-I-CAT (Fig 35A). -Mhe differeo beten the
percentage of acetylaticn in 22F6 and 133 cells (Fig 35B) in the absence of H-7 was5.5-fold uben cells were stimulated with anti-CD3. The results with the IL-2-CAT
plasmid with both 22F6 (Fig 35C) and 133 (Fig 35D) cells again paralleled those Of
the HIV-I CAT plasmid, exc for the greater differencs fcind between the Nef
prote in- essirn cells and the parental cell lines. F mn re, the f indiris with
IL-2-CAT reflect previously decreased Nef protein effects cn erxigmnc IL-2
expressicn. The results presented above indicate that Nef protein down regulates
the irductiin of NF-kB and AP-I by intereacting with ane of the steps involved in
T cell activation the TCR-Ca)3-CD4 complex.

c) To dcaracterize the mechanism of transcriptional gMXýression bV Nef

i) Gel retardation expteriments

These experiments are discussed in depth in the precedirq se&tion. In
addition, to the experiments to be perforned with CODS cell miclear extracts, we will
also performed assays with a variety of different NF-kB binding sites, in light of
recent data of significant differenes in the birding ability of different rel-
related proteins to each oligcwleotide sequence.
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ii) EMA footrrintinc studies

EM footprinting studies proved unrcessary since it was found that Nef
modulated the activity of kriwn transcripticn factors.

iii) In vitro transcription studies

Insufficient funds were available to cxmplete this task due to severe buxtetary
cuts darirq the last six months of the project.

d) 1b determine the role of rosrrylatin, GIP bindinct, GIPase activity. and
myristaylation acetor activity on Nef activity

Structural studies of Nef have shown that this protein is myristoylated at the
N terminus, and acylaticn has been suggested to be inportan far its association
with cell membranes. In addition, a potential protein kinase c (CKC)
phosplorylatian site at threcnine 15 of HIV-I Nef and serine 10 of HIV-2 Nef have
been identified. These potential phosptx±rylaticn sites are homologous to those
present in p60w and epidermal growth factor receptor. Different Nef variants have
an alanine residue at position 15 (Nef 1) or a threcnine (Nef 2). CQnversian of
threcnine 15 to an alanine residue results in the loss of Nef prhoephorylatian.
Though other Nef phosphorylation sites have been prqoosed, there is no evidence that
they are utilized. We therefore monired the nuxxrtantce of the threcnine 15
Omlos rylation site with regars to the ability of Nef to d&wregiulate
transcription factors.

Human Jurkat J25 T-cell clnal cell lines were selected after transfection
with plasmids containing the gene for either Nef 1 (133, 22D8) or Nef 2 (10H1O, IFn)
under the control of the simian virus 40 enbarncr and human T-cell leukemia virus
promoter as previously described. The Nef 1 and Nef 2 proteins differ at amino acid
positions 15, 29, and 33 (Fig 35). Jurkat cell clones ware also made with the
plasmid with the Nef 1 sequence mutated at position 15 frum thrernine to alanine
(Nef 1 clcnes 18 and 19) or with the plasmid with the Nef 2 sequence mutated at
position 15 fram alanine to threnine (Nef 2 clones 13 and 16). All these clones
have been shan previously to show, in the absence of stimulation, minimal Lm-
driven activity as wall as recruitment of transcripticnal factor NF-kB and AP-1
(defined as the increase in the nuclear fraction at the active forms of these
factors). These characteristics are not unique to these cell clones and have also
been observed with other Jurkat cell lines (E6-1) and HP-BALL cells. In addition,
these cell lines respond appropriately to T-cell stiulants including PMA, PHA,
antibodies to CD3, antibodies to CD2, as well as antibodies to the INF and IL-I
receptors, indicating that their signal transduction pathways are ftux-icnal.
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FIG. 1. (A) Structure of Nef expression plasmids Numbers on top
show Nef protein amino acid residues, with number 1 indicating the
initiator methionine. Differences in residues between Nef 1 and Nef 2
for the specified positions are indicated for each clone. (B) Western
blot analysis of Jurkat cell clone extracts immunoprecipitated with rab-
bit anti-Nef antiserum (5). These include parental cell line (22F6), Nef
1 expressing clones (133, 22D8), Nef 2 expressing clones (IF8. 1OH10),
Nef I mutants (18, 19), and Nef 2 mutants (13. 16). Positions of molecu-
lar weight markers are indicated on the left. (C) Jurkat cell clone extracts
after [12P]orthophosphate labeling and immunoprecipitation with rabbit
anti-Nef antiserum. Positions of molecular weight markers (kd) are
indicated on the left.

Fig 35

59



N•eaniam, of Cytotcndc'ty of the IS virus Omtract No. u•N1.-90-C-O125
P.I.: LUm Ratner, M.D., Ph.D. Basic

Fig 35B shoms the Western blot analysis of all the cell line including the
parental cell line 22F6. Flr this study, cells were kept in log phase growth and
imnaxirecipitation. and imzirblot analysis was performed with a rabbit antiserum
as previously described. Nef was detected by the rabbit antiseru in all clones
except 22F6, and to a similar level.

In order to examine which Ne proteins can be hqIylaticned , 3p-

labte l ling was perfonrme. Briefly, 107 cells were grown in phosphate-
free media for 4 hr and then 3P- was added at 0.2 mCi/ml. Calls ware then
stimulated with 50 ng/ml PMA and 13 ug/ml PHA for 4 hr, or with sterile water as a
control. Imnuireripitaticn was carried cut as above except that phcsphatase
inhibitors (50 rM NaF, 10 nM NasV)4, and 50 nM beta-glycerollphoqhate) were added to
the RIPA buffer. Inazrxpreipitates ware then analyzed by SDS-PAGE, follUod by
aut-radiography. The results are shomn in Fig. 35C. Jurkat cells expressing Nef
variants carryirg a threonine at pcsition 15 (Nef 2 clone 10H10 and mutant Nef 1
clone 18) showed phosphorylation after stimulation with PMA and PHA while neither
of the clones with an alanine at position 15 (Nef 1 clone 133, mutant Nef clone 13)
showed a significant amount of phosphcrylaticn. No phofrhrylaticn was detected in
the absence of PMA and PHA treatnent.

To examin the effect of eadc Nef variant on the recruitment into the nucleus
of active transcription factors, electrcqkreic mobility shift assays (4A) were
performed with nuclear extracts prear from the different Jurkat cell clones,
after stirmulation with PMA and PHA for 4 hr or after stimulaticn for the same period
of time with sterile saline, as previously described. For HA, double-strarded aP-
labeled oligcraweotides ware used which include the binding sites of transcription
factors SP-1, NF-kB, and AP-1. Nuclear extracts we normalized for protein
cticn with the Bradford reagent usirg bovine serum albumin as a standard.
ESA was performed using the probe for noninducible transcriptional factor SP-1 to
control for the quality of the extracts (Fig 36A). Recruitment of transcripticn

cactors NF-kB drid AL-, irn t.e _X 1- iT" ;id PHAL stimulaticn was negligible
(data not shan). Figure 36B shoms the dmwrzulaticn of NF-kB in Jurkat T cells
expressirn Nef 1 (22D8, 133) as xmpared with the parental cell Lim 22F6. On thre
contrary, cell clones expressing Nef 2 (MF8, 10H10) stKed no difference in NF-kB
induction frao that of 22F6 cells. Results for AP-1 recruitment are shmn in Fig
36C and were similar to those for NF-kB. AP-1 was downreulated in cells expressing
Nef 1 but not in those expressir Nef 2.

Fig 37 soms mobility shift assays in which the oampariscn is made betwn
parental cell clone 22F6, Nef 1 producing cell clone 22D8, and clones 18 and 19 in
which the Nef 1 protein has been modified with a threcrine instead of an alanine at
position 15. SP-1 activity from these cell clones is shown in Fig 36A. NF-kB (Fig
3TB) and AP-1 (Fig 37B) induction was dcwnreulated in the cells expressing Nef 1
when cqmpared with that of the 22F6 cells. Strikingly, both cell clones 18 and 19
show no effect on NF-kB and AP-1 recruitment when coupared with the parental cell
clone 22F6.
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FIG. 2. Electrophoretic mobility shift assays performed from nuclear extracts with 31P_ abeled oligonucleotide probes for binding sites of (A) SP-
1, (8) NF-kB, and (C) AP-l. Cell clones: 22F6 (parental cell line), 133 and 22D8 (Neft expressing clone), 1F8 and 1OH10 (Net 2 expressing clone).
18 and 19 (mutant Net 1 clones). 13 and 16 (mutant Nef 2 clones). C-P. competition by cold probe. The relative intensity of the bands, showing
only DNA-protein complexes, was evaluated by laser densitometry (bar graphs). The free probe at the bottom of the gels is not shown. Experiments
were performed in duplicate with similar results.
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FIG. 3. Electrophoretic mobility shift assays performed from nuclear extracts with 32

P-labeled oligonucleotide probes for binding sites of (A) NF-
k8 and (8) AP-i. Cell clones: 22F6 (parental cell line), 22D8 (Net 1 expressing clone). 18 and 19 (Net 1 mutants) c-P. competition by cold probe

F 3The relative intensity of the bands, showing only DNA-protein complexes, was evaluated by laser densitometry (bar graph). The free probe at the3 7
bottom of the gels is not shown. Experiments were performed in duplicate with similar results.

Fig 38 shows the ciparison betwen parental cell clone 22F6, Nef 2 producing
cell clone IF8, Nef 1 producing clone 133, and clones 13 and 16 in which the Nef 2
protein has been modified with an alanine instead of a threnim at position 15.
SP-I activity for these cell clones is shown in Fig 36B. NF-kB (Fig 38A) and AP-1
(Fig 38B) are both ckwnregulated in the cells expressing Nef 1 (133), while no
effect is seen in those expessng Nef 2 (1Fn). Clones 13 and 16 showe an
intermiiate rkenotype betw_ that exhibited by Nef 1 and Nef 2. 1he fact that
both clones 13 and 16 stKied this interediate glenotyie suggest that other
determinats in Nef besides phosphorylation at position 15 are limportant for Nef-
depeident dXwnreguation of trr iption factors.
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FIG. 4. Electrophoretic mobility shift assays performed from nuclear extracts with 3
"P-labeled oligonucleotide probes for binding sites of (A) NF-

k8 and (B) AP-1. Cell clones: 22F6 (parental cell line), 133 (Nef 1 expressing clone), 1F8 (Nef 2 expressing clone), 13 and 16 (Nef 2 mutants). c-P.
competition by cold probe. The relative intensity of the bands, showing only DNA-protein complexes, was evaluated by laser densitometry (bar
graph). The free probe at the bottom of the gels is not shown. Experiments were performed in duplicate with similar results.
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FIG. 5. Chloramphenicol acetyltransferase (CAT) assays for HIV and IL-2 transcription. Extracts were prepared from Jurkat cell clones transfected
Nith HIV-1-CAT (A-C) or IL-2-CAT (D-F). The data are presented as the mean ratio of the level of CAT activity present in the cells stimulated with
PMA and PHA for 4 hr compared to the level present in unstimulated cells. The mean values for percentage of acetylation in stimulated cells were
10.2 (22F6), 1.4 (133), 8.7 (NI 19), 9 (N1 18), 8.6 (1F8). 8 (10H10). 5.3 (N2 13), 5.9 (N2 16) for HIV-1-CAT and 22.3 (22F6), 2.6 (133), 22.2 (NI 1q). 2•t 7
(NI 18). 17.5 (1F8), 18.4 (10H-10), 3.5 (22D8). 6.3 (N2 13), 7.2 (N2 16) for IL-2-CAT. Experiments were performed in triplicate and error bars represent
standard deviation of the mean. Cell clones: 22F6 (parental cell line), 133. 22D8 (Net 1 expressing clones), IF8, IOH10 (Nef 2 expressing clones),
13 and 16 (Nef 2 mutants). 18 and 19 (Nef 1 mutants).

Pig 39

Th. determine if the effects of the diares of amino acid 15 in Nef on
transcription factor regulation correlated with transcriptional activity,
experiments were performed in which cells were transfected by the DEAE dextran
method with plasnid whidc use the lcng terminal repeat of HIV (HIV-1--CAT) or the IL-
2 prcmoter (IL-2-CAT) to direc expression of the dil -ranpeicol acetyl transferase
(CAT) gene. After stian laticn of the cells with PMA and PHA or sterile saline for
4 hr, cl1 extracts were prepared and CAT activity was assessed by starnard methods.
Sarples for the CAT assays were rinralized to equal protein ooxretration by Bradford
reagent analysis using bovine senzm albumin as a standard. CAT assays frcm
different cell lines were also normalized to a nrnirdicible cntrol plasmid RSV-CCAT,
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which as transfected in parallel with the HIV-I-<AT and the IL-2--@nT. Fig 39 shows
the results of these experiments. The CAT activity measurenents closely paralleled
the EA findings. Urstimnlated cells showed almst no, CAT activity (data not
sdown). Fig 39A sdis decreased CAT activity in cell clones transfected with HIV-I-
CAT in the presence of Nef 1 (22DB, 133), when ompared with the parental cell line
22F6. Cn the other hand, clones expressing Nef 2 (1F8, 10HIO) showed no difference
in HIV-1-CAT activity as xoqmrad with parental cell line 22F6. Fig 39B ompares
the CAT activity in clones transfected with the HIV-l-CAT expressing Nef 1 (133) and
the parental cell line (22F6) as well as clcres 18 and 19 in which Nef 1 protein has
been modified to include a threniner at position 15 instead of an alanine. CAT
activity was deeased in cells expressing Nef 1 when cax are with the parental
cell line. Cnce again, clcnes 18 and 19 showed no differene in CAT activity whmen
compared with the parental cell line. Fig 39C sows the compariscn between clones
transfected with IV-1-C•T eqxressing Net 1 (133), Nef 2 (lM), and the parental
cell line 22F6, as well as clones 13 and 16 in which Nef 2 protein was modified to
include an alanine at position 15 instead of a threonine. CAT cativity was not
significantly different between Jurak cell clones expressing Nef 2 and the parental
cell line, Jiile it was clearly decreased in those expressing Nef 1. Clones 13 and
16 expressed an intermediate y . Figures 39D, 39E, and 39F shows the results
of similar experimants except that the cells were transfected with IL-2--CAT. IL-2-
CAT iornticr was decreased in cloaes expressing Nef 1, when capared with the
parental cell line, while those expressing Nef 2 showed no significant effect on CAT
activity. Clones 13 and 16 also showe an intermediate thrtype with regards to
IL-2 expression.

HIV-1 Nef protein has been shown to be phosphorylated by PKC at thronine 15.
Mhe ,muaticn, frao threcnine to alanine results in loss of this phiospcrylation site.
This dcange has no effect on N-tenninal myristoylatian of Nef, thus is not likely
to affect Nef memt-ane binding. It also has no effect on donregulaticn of CD4
expression in T cells. 7he results of this study show that, as in the case of p60,
phszrylation of Nef results in loss of one of the functions of this protein.
Also, the results show that, even thugh other potential phospborylaticn sites have
been identified in Nef, the predcminant site of Nef phosphlrylaticn upon stimulation
of T cells is the threonine at position 15. We have shown elsewhere that
downrvgulaticn of transcription factor NF-kB by Nef occurs through a PKC-depedent
mechanism. The cmrbination of these data presents a model for a unique system by
which a protein acts through a pathway that use a protien kinase as an intermediate
for its function, and the same protein kinase reulgates the presence of the active
form of the protein. Furthermore, it has also been shown that Nef associated with
the cytoskeleton (see below), and may also localize in specific "ctannels" in the
nucleus (see below). Whether the localization of Nef and its availability for
phosplarylaticn by PKC are related is so far unkrnow. However, it is intriguing
that the WKC rkosplorylatian site lies within the potential bipartite nuclear
localization signal, and therefore, may alter its activity.
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Several studies have examired the cellular localization of Nef, but with
differing results. Ihe current studies utilized cell fracticnation methods to
emanstrate localization of a portion of Nef in the cytoskeletal matrix of T

lypmcytes. Ths is a detergent insoluble framsmwrk of proteins whidc includes
the cytoskeleton and nearn skeletal fractions. Furthermore, we have develop
a novel binding assay to examine the deperdence of myristcYlaticn for Nef binding
to the cell skeletal matrix.

In order to examine the cellular localization of Nef, we used a Jurkat 25 cell
clone resulting from stable trnsfection of a plasmid (S2aIi) expressing nef ftrm
HIV-I strain NL4-3, using a human T-lyq~x:1Uic virus type 1 (H1..,Vi) promter and
an SV40 etrraer (133 cells). ointrol Jurkat 25 cells (22F6 or 22 cells) do not
express Nef. In addition, we used HPBAIL cells infected with a recombinant
retovirus exressing nef from HIV-1 srain SF2 usin the Md4ALV Pratnter (NEF
cells) and control HpAIL cells not bgearirq nef seqmces (IN cells). Both
unstimulated cells and cells stimulated for 4 hrs with PMA nad PHA were used. (Bls
were lysed in hypotonic lysis buffer (10 utM Hepes, pH 7.9, 10 mM KCl) ky Dounce
Wxrogenizaticn, and unbrcken cells and nuclei were re•,vd by centrifugation at 1500
rpm at 40 in an Epperdorf centrifuge. The postnuclear supernatant was supplemented
with NaCl to a final cocnentraticn of 150 irM and was then separated by
ultracentrifugation at 38,000 rpm in a 70.1 Ti rotor at 40 for 1 hr into a
su matant fracticn (cytosol, C) and a pellet. The pellet was resusended in NTrE
buffer (150 mfM NaCl, 10 rM Tris-Ci, pH 8.0, 1 itH WMq, pH 8.0, 3 ul/ml aprotinin,
0.1 mM PNSF, 0.1 mM sodium vanadate, 10 vM NaF, 50 ni glycerol phsphate, 1% Tritcri
X-l00, 1% NP-40) and resedimented under the sane ultraýrifugaticn conditions into
a supernatant fraction (mebraane, M) and a pellet (skeleton, K).

Under these fracticnaticn conditicr, 15-50% of the Nef protein was found in
the cytosolic fraction, 32-48% in the membrarne fraction, and 16-42% in the skeletal
fraction (Fig 40). No significant differences ware seen betwn unstimulated or
stimulated HPBAIL cells (Fig 40a) or Jurkat cells (Fig 40b). Similar results were
obtained in fracticratian studies using ýir-nWistate-labeled Nef (not s-in). Te
skeletal fraction had no significant contaminating memirane or cytosolic proteins,
as evidenced by the lack of significant amounts of 5'nucleotidase (5'NT, membrane
marker protein) or lactate dehydrogenase (IH, cytosolic marker protein). Tubulin
was used as a marker protein for the skeletal fraction, and 51-59% of this protein
was present in the skeletal fraction, 38% in the cytosolic fraction,and only 3-11%
in the membrane fraction (Fig 40a). Thus, there is very little contamination of the
membrane fraction with skeletal protein.
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FIG. 1. Net is associated with skeletal, membrane, and cytoplas-
mic cellular fractions. (a) HPBALL and (b) JURKAT cells were fraction-
ated by ultracentrifugation into cytoplasmic (C), membrane WM), and
skeletal fractions (K). HPBALL-LnefSNSl cells (NEF-U and NEF-S)
express the net gene derived from the HIV- 1 isolate SF2 whereas the
HPBALL-LN cells (LN-U and LN-S) do not express net. Cells were
maintained at logarithmic growth in RPMI-1640 medium supple-
mented with 10% fetal bovine serum and 2 mM glutamine. Fou-
hours prior to harvest, 7 x 10'7 cells were either not stimulated (U) or
were stimulated (S) with 13 mg/mI PHA (Sigma) and 50 na-/ml PMA
(Sigma). Cells were harvested at 1500 rpm for 5 min and were
washed twice with phosphate-bufifered saline (PBS) Cell pellets
*ere resuspended in hypotonic lysis buffer and allowed to swell on
ice for 15 mim Cells were then dounced 20 times, nuclei and unbro
ken cells rt,nu,.ved at 1500 rpm. and post-nuclear supernatants frar.
tionated by ultracentritugation into cytoplasmic (C), membrane (M),
and skeletal fractions (K) as described in the text Fraction equiva-
ents were analyzed by 10%h SIDS PACE and immunohlot analysis
Ihe prima / antibody was a rabbit anti-Net antiserum or a m100ous

Fig 40 anti-tubuliii antiserumn (Boehringer -Mannheim), and the secondary
antibody was a horseradish peroxidase conjugated goat-anti rabbit
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FIG. 2. Myristoylation of Net in E. coli. Bacteria (strain JM101I) were
transformed with the NMT expression plasmid alone (N) or together
with plasmids expressing the myristoylation acceptor mutant Net (A)
or the wild-type Net (G) (22). Bacteria (2 ml) were grown to mid-log
phase (A,,o = 0.5-0.6) and induced with 20 pl of 100 mM IPTG to
induce NMT expression and 2 pl 50 mg/ml nalidixic acid to induce
Net expression for an additional 2-4 hr in the presence of 400 pCi
[
3
H]myristate (56 Ci/mmol, Amersham). Bacteria were sedimented

at 6000 rpm for 15 min in a JA20 rotor at 4'. washed twice with PBS,
and lysed by boiling in 100 ul of 2x sample buffer. Equivalent vol-
umes (5 pl) were analyzed by SDS-PAGE and (a) immunoblot as
described in Fig. I or (b) autoradiooraphy (22). Molecular weight
markers are shown in lane M.

Fi 41

In order to further assess the nature of binding of Nef to the skeletal matrix,
recominant proteins expressed in E 00li were Utilied. Tb Obtain myristaylated
bacterial Nef proteins, we transformed bacteria with a nef epxessicn plasnid and
a plaid expessir• the yeast. N--yristoyl tr-ansferase. In this experiment, the nef
gene was derived frao a recombinant of two closely related 1IV-1 strains, HXB2 and
HXB3. A clone with a glycine to alanine mutation in the myristoylaticn acoptcr
site was utilized to generate a ncmyristcylatable form of Nef (A). In addition,
expreSSiCn of yeast N-myristoyl transferase alone (N) was used as a neaativie
control. A 25-kDa protein was detected from both A and G expression system, as
detected by a polyclcnal rabbit antiserum (Fig 41a). ¶ farm of nef with glycine
codcn 2 could generate a product labeled with 3H-Wyristate and detected by SD-PAGE
and autoradiograhy. In contrast, no 3H-myristate incorporaticn occurred into the
mutated Nef (A) or into E coli protein (N). Also identified in the A and G Nef
expressing bacteria, but not those expressing NMT alone, were small amounts of 19
and 26-kDa proteins, wh-dh did not incorporate 3 H-nyistate (even with a longer
exposure of the autcradiogram shown in Fig 41b).

Recomxbinant G and A Nef proteins were partially purified fram E coli after
lysozyne treatment and scnicaticn in NTENr buffer suppleented wb 0.5% S and 0.5
M NaCI. Insoluble debris was removed by ultracentrifugaticn at 45,000 rpm for 3 hr
at 4- in a 70 Ti rotor before and after dialysis overnight against N=TFN buffer.
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For in vitro binding reactions, skeletal matrix was prepared from HPBAL (IN) cells
as previously described. Binding reactions were performed with 300 ug of partially
purified bacterial proteins in 20 ul in a reacticn volume of 100 ul in NIRU buffer
at 18" for 30 min. Similar results were obtaired in reactions performed for 5-120
min. The reaction mixtures were then treated by ultracentrifugaticn at 38,000 rpm
for 30 min at 40 in a 70 Ti rotor. The supernatant was transferred to 100 ul of
4 x sanple buffer (0.25 M Tris-Cl, pH 6.8, 8% SDS, 40% glycerol, 20% 2-
mexrcaptxethanol, 0.02% brfaopernol blue), and the pellet was resuspended in 200 ul
of 2x sample buffer. Twenty microliters of each sample was then analyzed on a 10%
SDS-PAGE and analyzed with the anti-Nef antiserum using the BCL system. The
relative proporticns of protein in each fraction were determined by densitcmetric
analysis.

presentative results of a binding experiment are shown in Fig 42a. Betwn
30 and 50% of the Nef G protein (average 34%) was found associated specifically with
the skeletal matrix, whereas only 5-15% of the Nef A protein (average 8%) was in the
pellet fraction. Mben expressed in the absence of N-nyristoyl transferase, Nef G
and Nef A shoed no significant differences in cytoskeletal binding (riot sham.).
M-he results presented in the table represent 12 independent experiments with 6
different preparations of Nef proteins and 6 different preparations of skeletal
matrix.

a) Net b) Gag
Supenatants Pellets Supernatants Penets

N G A N G A G A G A
--+ + + + Cylosk

:---P41
p25 - -pp39

"_______ II,

Protein Specific Binding (%)
Avg Ra lge

Net-G 34 30-50
Nef-A 8 5- 15
GAG-G 33 30-40
GAG-A 38 30-45

Proteinir pellet W Cytosk - - Protein~n Pelletl-j Cylosk
Specific Binding Protein in pellet + sup (+) Cytosk Protein in pellet +sup (-) Cylosk

FIG. 3. •inding of Net and Gag proteins to skeletal matnx Bacteria (50 ml) were grown to mid-log phase, and induced wilt 0 5 ni 100 mM IPTG
and 50 ml 50 mg/mnl naldixic acid f, r an additional 2- 4 hr Extracts were prepared as described in the text fron bacteria exFpipsinim NMiT ,lone
!N) or together with (a) Nef-G or Ne&-A proteins or (b) GagoG cr Gag A proteins Rinding wa ; pedorimed wit', 200 pq of recowitrianri hiactena!
protein z•f f00 pqgHPRALL (I N) lyinphoid skeletal proteins aný. cscrbed in the text at 18 p 0r ftr 30min m her, '0 moituri won sorry eto d
i tr aariTrrhj qaal o i into a suopentrrlant arid pellet fraction, arid 20 pl of each sample was analyzed by t0% D Cs -A t an4K d a n mriuni t •,,hY Ial

ar,t CNf arl,:uody or an anti Gag p24 antihbody as described in the legend .c Fig 1 The Net barnd' were in the ho eai r;mql,nroI of'm
(j ornirn, rod by a .;tandard curve Sprciftc frunding of recoinh•riant bacterial proatein; to I ý,phoid sletal protl.in . o? utma:rt -, a0t tri lhtltpl

Fig 42.
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To determine the specificity of the myristoylation-enhazx•d Nef bindin to
skeletal matrix, binding of HIV-1 Gag proteins was also analyzed (Fig 42b). The Gag
E coli expression system, was similar to the Nef expressicn system, and used the gag
and pol genes of HIV-I, ubLch ware detected with a rabbit anti-p24 polyclonal
antiserum. Me1P predominant Itrotein was 55 kDa rpresenting the full Gag precursor,
and smaller amounts of 41- and 39-kDa proteins ware also expressed which were
derived from HIV-1 proteasspe- ific scission at the p17/p24 and p24/p15 cleavage
sites. In this system, 30-40% of the Gag G protein (average 33%) bound specifically
to the skeletal matrix, and 30-45% of the Gag-A protein bound the pellet o xmponents
(average 38%). Thus, myristoylatian did not enhance Gag association with the
skeletal matrix, as it did in the case of Nef.

30-

a b•

>

0 -400

Z

S-20
V -

O_ 040 -.

0 20 4'0 0_ Notreatment * 05%505
I I M NaCO 0 2 M Urea

Amount of Extract lul 1.5MNaCI C] 3mMmyristate
[] 3 M NaC 0 9mMmyristate

FIG. 4. Saturation binding and inhibition studies of the Nef interac-
tion with the skeletal matrix. (a) Protein extracts from Nef-G bacteria
(0-75 pl. 0-1100 oog) were incubated with 500 pg HPBALL-LN skele-
tal proteins in 140 ;1 total NTENT as described in Fig. 3 and the text.
(b) Extracts from Nef-G bacteria (300 pg) were incubated with 300 pg
HPBALL-LN skeletal proteins that were not pretreated, or were pre-
treated for 5 min with the specific reagents, in a total volume of 100
il NTENT, and fractionated a' described in the legend to Fig. 3 and

the text. The amount of Nef specific binding to the skeletal matrix
was determined by SDS-PAGE, immunoblot analysis, and densitom-
etry as described in the legend to Fig. 3. All Nef-specific bands were
quantitated in the linear range of analysis as determined by a stan-
dard curve The residual protein contents of the cytoskeletal prepara-
iions, as delermined with the Bradford reagent, after treatment with
specific reagents, compared to the untreated samples were as fol
Inws. 65% after I M NaCI. 58% after 1 5 M NaCI. 52% after 3 M
NaCI. 35% after 0 5% SDS. 72% after 2 M urea, 95% after 3 mAM
F 4myistic acid, and 97% after 9 mM myristic acid treatment lherse
ixprniriper.t. were repeated on three separahe occ,r ,;,nri; with sirnil;ir

The nature or the skeletal matrix binding site for the myristoylate Neff
protein was analyzed by saturation binding experimnts and studies of reagents that
prevented Nef association with the insoluble matrix (Fig 43). With ircreasing
amounrts of Nef-G protein extract, incubated with a constant anmint of skeletal
proteins, saturation of binding was adileved with approximately 25 ul (300 ug) of
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Nef protein extract (Fig 43a). The amount of Nef protein in this volume of extract
was 20 ug as determined by cumparing the intensity of the Nef-specific bard in the
kacterial extract to a stardard curve using purified Nef protein (provided by the
AIS Repository). Using 25 kDa as the molecular mass of Nef, this cxrrespcs to
5 x 10 molcuiles of Net required to saturate 500 ug of skeletal protns. Ths,
the calculated nmhber of skeletal binding sites far Nef is appruximately 2 x 101
sites/cell.

Mhe association of Nef with the skeletal matrix could be irnibited with
progressively increasing concentrations of NaCI frau 1-3 M (Fig 43b). Mhat 35-40%
of Nef bound to the skeletal matrix in the presence of 1.5 M NaCi suggests tight
interacticn; however, binding was almost cmpletely irnibited with 3 M NaCi. This
may suggest that ionic interactions may be critical far Nef-cytoskeletal
interacticn. Protein denaturants, SDS and urea, could xumpletely prevent the
binding of Nef to the cytoskeletal matrix, suggesting that the ternary strucure of
either Nef, the cytoskeletal binding site, or both is important ftr binding (Fig
43b). It should be noted that the size or nature of the cytoskeletal pellet in
these experiments was not significantly altered in the presence of NaCI, DS, cr
urea. Mxxigh protein contents of the cytoskeletai were diminished to some extent
by these treatments (Fig 43 legend), the effects on Nef binding were significantly
larger than those on the protein content. Finally, inclusion of 3 or 9 vM nyristic
acid did not affect the association of Nef with the skeletal fracticn, sugesting
that the Nef birding factor is not merely a myristic acid birding receptor. Ths
is in agreement with the cbservaticn that myristoylated Gag did nrt assocaite with
the cytoskeletal fr-action to a greater extent than its rmnyristaylated aruteroart
(Fig 42).

Mie data presented here suggests that Nef protein derived fram three different
HIV-1 isolates is capable of associating the the T-cell cytcekeletal matrix, and
that the interaction is facilitated by myristcylaticn. It is possible that Nef
binds directly to a cytoskeletal protein such as actin or tubulin, or it is possible
that Nef interacts with a protein that binds directly to a cytoskeletcn.
Additicrally, it is possible that myristaylated Nef may bind to one cytoskeletal
birding site, while rmnyristolyated Nef may bind to a distincrt site. Ths may
explain the different binding patterns of these two forms of Nef. Alternatively,
both farms of Nef may bind to the same site, and myristoylaticn serves to promote
or stabilize this interaction. M-he results that 50-85% of Nef associated with
either the menbrane or cytoskeletal fraction may reflect the fact that only 50-85%
of Nef proteins within the cells are myristuylated. Within intact cells, there may
be a dynamic state such that Nef may localize and translocate within cells depending
upon differences in post-translaticnal modificatiorn, such as myristcuylation,
phosphorylation, or glycosylaticn.

Previous studies regarding the localization of Nef have rEported that Nef is
primarily extranuclear and that myristaylation is required for menrane association.
Hawer, these expeirments do not exclude the possibility that myristqylated Nef
associated with the cytoskeletal matrix as well. Other studies utilizing
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"immuistocheiical methods suggest that Nef is present throucjhout the cytoplasn,
but large amounts of Nef are located in a perinuclear location as well.
Additionally, Ovod et al report that Nef was also present in elongated cytoplasmic
processes, or psaxiupods. Interestingly, perinuclear cmxnentraticn, and the
presence of Nef in pseuxcpods may be consistent with the possibility that Nef is
associated with cytoskeletal elements in that the microtubile organizing center is
in a perinuclear location, and cytcskeletal crmcpents are present in pseudcds,
and are inportant for their formation. The results presented in the current study
are consistent with the previous studies in which cytodkeletal association of Nef
was rot addressed.

The cell matrix includes the cytoskeletcrn and the meara matrix. It is
camposed of a frairork of fibers that maintain the structural integrity of the
cell, and allow the interaction of cell surface receptors with manbrane matrix and
cytoskeleton.

There are several interesting paralleles between Nef and two ther
myrisotylated proteins, MARKCS and Src. MARCOS (myristoylated alanine-rich C-kinase
substrate) is one member of a family of myristcylated proteins in macrophages and
neutrqphils. It birds calmodulin and regulates cell activation and mitcxenesis.
MACS colocalizes with vinculin, talin, and protein kinase C in focal orntracts
where the actin cytoskeleton abuts the substrate-adherent plasm m.rane.
Frtlmre, MARCYS can bird and cross-link actin and this binding is regulated by
r hoshcirylaticn, calcium, and admodulin. 'fle first 14 amino acids of MARKYS,
including the myristoylation acce•tor site, are critical for its cytoskeletal
binding.

Myristoylatica-depaderet binding has also been sdwn for the aicxprotein, Src.
In this case, a specific uvmerane protein of 32 kDa was found to bind myristoylated
but not r~rristcylated &rc. Hyristoylated peptides cxirrespordixi to the amino~-
terminal sequence of Src were capable of inhibiting binding to the rector, whereas
myristoylated peptides based on sequences of other proteins hbad n inhibitory
effects. Myristolaticn is critical for Src-mediated transformation and previous
work suggests that ryristoylaticn may be critical for Nef effects as well.

The significance of skeletal matrix birding of Nef rem-ins to be determined.
Howeer, recent firdings have suggested that Nef disrupts signal transducticn in T
lymphocytes, inhibiting both NF-kB and AP-1 generation by PMA and PHA exposure.
This may be due to an effect on the T cell receptor-CD3-protein tyrosine kinase-G
protein crmplex, or an effect on protein kinase C activaticn. Cytoskeletal
interaction of one or more of these components or other important cell regulators
may be altered by Nef. This may account for the ability of Nef to downregulate HIV-
1 transcripticn and to inhibit T cell activation, which may reuslt in a reservoir
or persistently infected cells with tvressed virus expression.

several recent studies strongly suggest that Nef lacks GTP and GTPase
activities, and therefore, the proposed studies on these determinants were not
carried out.
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e) To determine effects of Nef al cellular proteins including th1se which may
modulate HIV-1 infectivity or zelicatign

First, we investigated the importance of the myristoyl growp at the N-terminus
of Nef for the downregulation of surface CD4. Tb do so, we used the following
constrncts: Nef M+ (Nef from a chimera of HXB2 and HXB3), and two mutants created
by site direced mutagenesis. In the first mutant, Nef M-, an alanine oxon
replaces the glycine codcn at position 2 that has been shown to be essential for
myristcylaticn of the Nef protein. ¶he second mutant, Nef ATG-, expresses a 25 kD
form of Nef that is the product of translation frao the second mthionine at
position 20 and is not myirstoylated. All three constructs were transfected by the
DEAE dextran method into Jurkat J25 cells and the producticn of Nef proteins
deonstrated by Western blot analysis using a rabbit polyclcala anti-Nef antibody
(Fig 44A). TO examine the effect of the production of these proteins on CD4
expression, the following DNAs were cx-transfected with the Nef ENAs: a fusion
protein consisting of the extracellular domain of the G glyccozotein of vesciular
stnmatitis virus (VSV) and 23 amino acids frao the extracellular domain and the
entire trwrmebtrane and cytoplasmic dmains of C)4 (G-CD4), and the complete G
glycprotein of VSV (VSV-G) (Fig 44B). The results are shown in Fig 44C with a
tabulation of the mean channel number and FACS tracings of the fl
profiles. Surface expression of VSV-G was used to orntrol for transfection
efficiency. Only thee cells carrying the Nef M+ gene efficiently dcwnregulated G-
0D4 as compared with the control cells not produiing Nef (Nef-). Surface expression
of C-CD4 in the cells carryirg the Nef *- and Nef A•T- constructs was equivalent to
that in the Nef- cells. Mhese experiments show that Nef myristcylation is required
for da.Twngulation of CD4.

Ihe G-C)4 construt was also used to study the relevance of the phosotxylatian
of Nef at position 15. We have previously shamn that this is the predominant
phosphorylation site upon T-vell stimulation by pharbol esters, and that
pholicyrlaticn at this site results in the akrogation of Nef effects on
transcription fact. . Cell clones carrying the Nef-I gene (133) with a non-
phospiorylatable alanine codon at position 15, or carrying the Nef 2 gene (10HI0)
with a phioEcrylatable threonine codon at position 15, or carrying no Nef seTues
(22F6) were transfected with G-CD4 or VSV-G. FACS analysis was performed to ezmirE
the effect of the different forms of Nef on M)4 surface expression (Fig 45). Both
Nef 1 (133 cells) and Nef 2 (lOHIO cells) expressing cells damnregulated surface D)4
to a similar extent when cumpared with the nr-Nef expressing cells (22F6). Miese
results show that the effect of Nef on CD4 regulation can be reproduced in stably
transfected cells and that this effect is not altered by the presence or absence of
the ph1osporylation acceptor threonine at position 15 of Nef.

7he previous findings, in agreement with those of Arderson and colleagues, and
Aiken and colleagues, demonstrate that most of the extracellular domain of C)4 is
not required for downreulation by Net. Experiments were next performed to study
the importanc of the cytoplasmic tail of CD4 in the regulation of its surface
expression by Nef. Jurkat cell clone 22F6 (not expressing Nef) and 133 (expressing
Nef) were transfected with DNAs encoding the following proteins: VSV-G, G-<I4, the
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entire CM4 molecule (C)4) and a construct expressing the extracellular domain, the
traI; I-rae domain and only the first 9 amino acids of the cytoplasmic dumain of
CD4 (CD4T-) (Fig 46A). The endogenous level of C)4 expression on these cell clones
was first evaluated and found to be very low (data not shown), has been found far
other Jurkat cells. Thus, endenous CM4 levels were taken into account as
badxgrazid, and further 0D4 surface expression was onsidered to be the result of
the transfecticn of the different ENAs. Mhe results are shown in Fig 46B. VSV-G
expression was used to control far transfection efficiency. G-CD4 surface
expression was downregulated in the Nef expressing cells as compared with cells that
did not express Nef, and to a similar level (about 7-fold) as cxmpared to the
downregulation of C04 in these same clones. In oxntrast, CD4T- surface expression
was not affected by the presence of Nef and similar levels ware found on the 22F6
and 133 clones. These results indicate that the cytoplasmic tail of 0D4 is required
far Nef downregulatian, and that the last 23 amino acids of the extracellular domain
plus the t and cytoplasmic domains of M)4 are sufficient far
&wregulation by Nef.

To define the specific sequences within the C4M molecule relevant far the
interaction of Nef with CD4, ENAs encoding the following constructs were
ootransfected into Nef expressing cells (133) and cells rot expressing Nef (22F6):
VSV-G or G-CD4 as negative and positive controls plus 0)4, which has the entire 38
amino acid cytoplasmic 0M tail, a construct expressing on the first 30 amino acids
of the cytoplasmic tail of 0)4 (CD4-425), a construct expressing only the first 23
amino acids of the cytoplasmic tail of CD4 (0D4-418), and a corutn expressing
only the first 19 amino acids of the cytoplasmic tail of C)4 (0)4-414) (Fig 47A).
'Ihe results are shown in Fig 47B. Cnly those cells expressing the entire CD4
molecule or the construct that included 30 of the 38 amino acids of the cytc1la=,c
tail of C)4 showed cwnregualtion of surface expression in the presence of Nef. On
the other hand, in the large majority of cells, both the levels of surface 0D4-418
or 0)4-414 were similar uhmen cmparing the 133 and the 22F6 clones. liese results
indicate that the first 30 amino acids of the cytcplhasic tail of CD4 are critical
for Nef d&nrw•ulation of CD4 and that the sequence between amino acids 419 and 425
of the 0D4 molecule contain amino acids relevant far the interaction of Nef with
0)4. These results ware particularly interesting because these same amino acids
have been shown to be critical far the birding of p561ck to CD4.

In order to further explore the role of the lck-birding region of C04 far Nef
mediated downregulation, site specific mutants of CD4 were utilized. Using the same
methodology cotransfecticr ware performed now with VSV-G and G-I3)4 plus C)4
oxnstructs that included the substitution of cysteines with serines at positions 421

and 423, critical for lck binding to 0)4. As a control a construct was used with
a substitution of the proline at position 424 for a glycine. The results iidicate
that amino acid substituticr that affect the binding of CD4 to p561ck also affect
the downregulatirn of 0D4 by Nef in Ick-bearing cells (Fig 48), again suggesting
that the interaction bebtn Nef and 0)4 could be mediated, at least in part, byt
he effects of Nef on p561ck.
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Because it has been shown before that Nef downregulaticn of CD4 is not
restricted only to lck-bearing cells, we next exam/ned the effects of Nef an CD4
surface expression in the presence or basence of p561k. To do so, we used non-
1ymphoid U937 cells expressing Nef or a frame-shftal form of Nef, and ctransfected
these cells with a CM encoding for p561ck or an irrelevant 1Aa (IL2-CAT) plus ENAs
encoding for cunstructs G-CD4 or VSV-G. p561ck expression was confirmed by
nmurcprwcpitatian with a polclcnal anti-lck antibody (data not shwn). The
results are shown in Fig 48. In the absence of ldk, Nef resulted in the
dorwregulatian of G-CD4 in 1)937 cells, hut when lck was added downregulaticn of D)4
was increased by ane log in repeated experiments indicating that Nef interaction
with p561ck results in a mmre efficient dcxnregulaticn of CD4.

Tb further dmarnstrate the interaction of Nef with p561ck, the follcwing
experiments ware performed. Using the Jurkat T-cells expressing (133) or not
expressing Nef (22F6), and transfected with C)4, we examined if the presence of Nef
results in a difference in the binding of p561ck to Thy-i. Normally, p561k will
bird in a majority to 0D4, bit when 0D4 is internalized or in the absence of cm4,
most of p561k remains at the surface membran bound to other prnteins like Thy-i.
First, we confirmed that boith clones 22F6 and 133 contained the same amount of Thy-I
by immin•recipitaticn with an anti-7hy-i antibody (Fig 50A), and then that both
cell lines also contained the same amount of p561ck by inmrKVrecipitation with an
anti-lck antibody (Fig 50B). Then, we examined the amount of p561ck in the
iimunuqrecipitates with anti-Thy-i. As can be seen in Fig. 50C, in the presence of
Nef (clone 133), the amount of lck bound to Thy-i was increased at least 4-fold when
compared to the ce1 is that did not express Nef (clone 22F6). This serves as further
proof that Nef has a direct effect on the binding of p561k with embrane moleucles
like 0)4 although the exact nature of this interaction is still unkown.

Finally, because it is wall documented that the interactirn between p561ck and
CD4 is related to the internalization of CD4, we examuied the possibility that Nef
could also affect the surface expression of 0)4 by this mwe-tanin. Lynphocytic
cell lines show very low levels of CD4 endocytosis and the steady-state levels of
intracellular 0)4 are also decreased when compared with non-lympioid cells. A ten-
fold lwacr rate of 0)4 endocytsis is found in lynphoid cells, as cxmpared to rno-
lyrphoid 0)4 expressing cells, due to the effect of p561ck binring to CD4. Ts
effect requires the cytcpolasmic domain of CC4. We used a flow cytcmetric method
to measure CD4 irternalization i the presece or absence of Nef. Mvle results are
shywn in Fig 50D. Mie presence of Nef resulted in an increase of internalized D)4
by 2-3-fold when a steady state level was reached (30 min), and an inrease in the
rate of 0)4 internalization in the first 10 mrin from 0.15%/min to 0.8%/min.
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Table 1. Percentage of internalized CD4 in Jurkat human T-cells expressing Nef

(clone 133) or not expressing Nef (clone 22F6).
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We have also performed imungold/electrcn micrscop studies to map the
suox]llu~ar localization of Nef. As a prelude to these studies, we first performed
nm flures-ence studies with a polyclcnal anti-Nef antiserum on nef- (HPBAIL/IN)
and nef+ (NI0AML/InefSN-SI) cells. As shown in Fig 50, the cells are generally
round and contained a large kidney-Shaped nucleus that filled most of the volume of
the cell. Ihe cytcp1asm, was polar and was most abuxdant near an indentation of the
nucleus, typically seen in T cells. In nef+ Lells, the anti-Nef antibody revealed
a hcmaorenous labeling of the cytoplasm (Fig 50A). In general, the distribution of
Nef seems polar, but this is evidently due to the polar distribution of the
cy-oplasm; the thin ring of the cytoplasm surrounding the nucleus, when visible,
also shoed labeling. The nuclei, in general, showed little or no fluorescence (Fig
50A). However, focusing of the nuclei at differnt planes revealed narrow bands of
flucrescrere in same rnuclei (Fig 50B). -these bands were seen in 8 of the 89 nuclei
examined and eadc nucleus showed only one band. The bards are very faint and
reuired lcng exposure to photograph them. No flucresecne was observed in nef-
cells incubated with the anti-Nef serum (Fig 50C) or in nef+ cell sincubated with
normal rabbit serum (Fig 50D), although several hundred of these cells were
examined.

The~ tatinique used far nrnurugold I abel ing was the post-embediing method.
Fixed and dehydrated cells are embedded in a water-soluble embedding resin (IR
Muite) and sectioned, and sections are inxxheted with primary and secordary (gold-
conjugated antibodies). We have maintained three sets of controls to ensure the
specificity of the antibodies used. First, we performed the inmruogld labeling with
anti-Nef antibodies using sections of HFBATL/IN control cells (nef-). As shown in
Fig 51A, the nonspecific binding of the anti-Nef antibodies in these cells was
negligible. Second, as a control for nnpecific binding of primary and gold-
conjugated secondary antibodies, we performed imunozgold labeling on nef+
(HPBATL/LnefSt-SI) cells using normal rabbit antiserum followed by gold-conjugated
anti-rabbit antibody. 'The results illustrated in Fig 51B show that neither the
rabbit serum proteins, nor the secondary antibodies bind nonspecifically to nef+
cells. Finally, to check for the specificity of labeling of suboellular structures
by imTLmogold labeling method used here, nef+ cells ware labeled with anti-vimentin
(intermediate filament) specific antibody. The intermediate filaments are readily
identifiable cytcplasnic structures that provide convenient markers to test the
resoluticn and specificity of immiuogold labeling. The results illustrated in Fig
51C show the exclusive distribution of label over the 10-mr intermediate filaments.
Little or no labeling in the nucleus was observed in any of these controls. These
studies suggest that the imm-urgold t--hnique use here provides specifci labeling
of subcellular structures.

Wien T cells expressing Nef (HPBALL/InefSN-S) were examined by the imnrumold
labeling method, the results were as follows. In a few sect-ions of the nuclei, the
label due to Nef was detected in highly localized tracks that extend between the
nuclear evelope and the nucleoplasn. Fig 53 illustrates these tracks in sections
of three different nuclei (A-C). The icnest of the tracks measured about 7 um (Fig
53A) and the tracks appeared to commrn /terminate at the cytoplasmic side of the
nuclear envelope (Fig 53B). The tracks were seen in only 4 nuclei anrrg 100
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examined, and serial sectiors revealed only one track per nucleus. It is possible
that these tracks may occur with greater frequency than that observed but that they
are not detectable due to technical reascr. Mhe tracks occur in thin bards and
occupy a fracticn of the total nuclear volume and, therefare, their detection wild
depend cn their perfect aligrment to the plane of secticning. In addition to the
tracks, a small aimount of label is also found in the nuclecplasm but the nucleoli
are totally free fran the label. These tracks may correspod to the fluirescneoe
bands observed in a few nuclei by the immunoflucrescene 1method (Fig 51B). A
thcrcaui examinaticn of sections of hundreds of nuclei of nef- oells incubated - '-n
anti-nef serum and nef+ cells incbated with normal serum has failed to reveal ry
nuclear labeling. In fact there is only ane other instance in published literature
cncerening a nuclear protein that forms tracks in the nucleus. A study by Meier and
Blcbel has shown that a nucleolar phosphcprotein (Noppl40) of rat liver cells
shuttles on tracks that extend between the nucleolus and nuclear pore complexes.
The Nef tracks are different from the Ncppl40 tracks in that they traverse the
nrcleoplasm with no relationship to the nucleolus.

FIG. 2. Immunofluorescence analy-
sis of Nef÷ (HPBALL/LnefSN-S1) and
Nef- (HPBALL/LN) cells with antise-
rum against Nef. (A) Nef+ cells labeled
with the anti-Nef antiserum show label in
the cytoplasm. (B) The Nef÷ cells labeled
as in A were focused on the interior of the
nucleus. Note a fluorescent band across
the nucleus. (C) Nef- cells labeled With

the anti-Nef antiserum were not labeled.
(D) Nef cells labeled with normal rabbit
serum were also not labeled. (X800.)

Fig 51.
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FiG. 3. Electron micrographs of controls for the immunogold
labeling technique. (A) Nef- cells were incubated with polyclonal
anti-Nef antiserum followed by gold-cornugated anti-rabbit antibody.
Labeling of cytoplasmic and nuclear components is negligible. (B)
NefP cells were incubated with normal rabbit antiserum followed by

, ~tanti-rabbit antibody conjugated with gold particles. No nonspe-
tbeling of either cytoplasm or nucleus is evident. (C) Neff cells

• incubated with a monoclonal anti-intermediate filament (vi-
mentin) antibody followed by gold-conjugated (anti-mouse) second
antibodies. The label is seen over intermediate filaments (F). M,

S52. mitochondrion; C, centriole; N, nucleus; Cy, cytoplasm. (A, x8100;
B, x8550; C, x19,800.)

In the cytqolasm (data riot s ) the label tle to Nef was most abundant near
the indentation of the nucleus as was the case with cells processed by
inuuof1Uuresc. ee (see Fig 51A) ; this region cntained most of the cell ojanelles,
includgir the microbtbale organizing center, Golgi cxmplex, and vesicles.

It has been hypothesized that the transport of RqA and proteins ocIurs on
specific tracks in the nucleus, and these tracks may be carposed of cytoskeletal
filaments (e.g. microfilaments, microtubules, or intermediate filaments). To
determine if any of these filaments form tracks within the nucelus of T cells, We
have coc immunogold labeling studies with anti-tubulin, anti-vimentin, and
anti-actin antibodies. [he nuclei remained largely unlabeled with either anti-
vimentin (Fig 51C) or anti-tululin antibodies (data not shown). However, anti-actin
antibodies showed some labeling of the nuclei (Fig 54). Although not as clear as
Nef tracks, the label due to actin shoe a preferential alignment in tle nucleus.
Additionally, short tracks of actin were seen extending betwn the nuclear
envelope and the nicleoplasn (Fig 54). These results are xonsistent with previous
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bio-~uca1evidenoe for the presenc of actin in the nucleus and its proposed role
in the shuttling of proteins betwee the nucleus and cytoplasmi.

FiG. 4. Electron micrograph
showing immunogold labeling of
the nuclei of three different Ncf+
cells. Note the tracks of gold par-
ticles extending from the nuclear
envelope to the nucleoplasm in A
and B. (A) Arrows mark the track
of Nef label. (B) The tracks of Nef
appear to originate in the cyto-
plasm (arrowhead). (C) Part of the
Nef track at high magnification.
NE, nuclear envelope; Cy, cvto-
plasm. (A, x23,800; B, X30,800;

Fig 53.C, x56,700.)

Mlie localization of Nef in the nucleus also led us to searchi far a nuiclear
localization signal in theis r-f sequence. since Neff is found~ in the r c1eoplasm andi
not in the rurleolus, we focused on localization sequerx:s on nucleoplasmic
proteuis. Previous stud~ies with Xer~yus oocyte nucrlear proteins (r cleplasmiin and
Nl) have sholn that these proteins share a bipartite nuclear targeting mortif. The
mortif conisists a l6-aluiro acid sequence with two basic residues at the amino
terminal end, 10 "'spacer" residues, and a cluster of 4 basic residues at the
carboxyl-terminal end (see below). Amimo acids in both basic darains are required
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far nuclear targeting and the transport defect of a mutation in ene dcmain is
anplifiied by a simultaneous mutation in the other. In additicn to Xenopus proteins,
a number of eukaryotic and viral nuclear proteins contain this motif. The SF2 clcne
of Nef used here also shares this motif:

Nuclecplasmin Mkoaatkkagpa K
Thyroid alphal KRvakmicliecn ReRPR
Mef-SF2 Mtsýar I~MM

The presence of the nuclear targeting sequence may be required but not sufficient
far the nuclear localization of Nef. Indeed, a substartial fraction of Nef appears
to be cytioplasic associated with argarelles and cytcskeletal elements, stqesting
that it my disrupt host cytqplasmic activities. It is still possible that a
fracticn of Nef has a nuclear fucnticn that is yet to be identified.

FIG. 5. Electron micrograph showing immunogold labeling of the
nucleus of Neff cells with a monoclonal anti-actin antibody. In the
nucleus the actin label shows preferential alignment along tracks.
(Inset) Short track of actin label near the nuclear envelope (NE).
(x27,000; Inset, x46,800.)

Fig 54

f) To determine the role of Nef in HIV-2 and SIV replication

Experiments on the replication of SIV0aclO2 and SIViac239 Nef+ and Nef- clcnes
have been corpleted.

g) To determine the role of Nef in vivo with animal model system

The SIVma-239 clones used for our analysis of Nef have already been studied by
Desrosiers and colleagues in rhesus macaques, and these investigators damcrstrated
that Nef ws critical for pathogenciity. our studies in vitro with those virus
strains and with the HIV-2 strains should provide important information in
explaining this finding. One possibility is that Nef is required for establishm~et
of a state of "latency' in vivo, and that in the absence of Nef, infected cells are
rapidly lost due to lysis or immune clearance.
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Studies in scid-hu mice with the BIV-1 clones were performed after the initial
studies outlined in 1.i. Hadever, insufficient funds were available to cmplete
this task due to severe budgetary cuts in the last six mnths of the project.

h) Tb determine the role of Nef in noxgulatin, manifestations of HIV-1 infection

Blood samples from 48 patients were analyzed far immunological markers. mi+
lyml te cou!nts ranged fran 0 to 1280/rni (mean 352/imi; normal range 1000-
1500/mui); CD4 percentage ranged fram 0 to 52% (mean 20%); CD8+ percentage rwrqed
frao 22 to 85 (mean, 55%); and CD4/0)8 ratio ranged fram 0 to 1.81 (mean 0.21). Mve
subjects are listed in Fig 55 aacxrding to increasing 0)4+ lymphocyte counts.

As shown in Fig 56, HIV WNAs were detected with nested sets of PCR primers.
The locatirns of primers within the HIV gencme and relative to eadc other are shown
in Fig 56B-D. Primer pairs far gag and pol ware designed to amplify unspliced RNAs
(Fig 56B), and primer pairs for env-spliced (Fig 56C), tat (Fig 56D), nef (Fig 56D)
and nef-sequence (using primers S7B and NefAS in the first round and primers 8306
and 9134 in the second round, Fig 56E) ware designed to amrplify spliced mmA.
Whereas primers for env-gernmic are capable of amplifying both unspliced and single-
spliced transcripts, primers far env-spliced amplify only spliced env nmA. Two
different sets of primers were utilized far nef m[nA wthich amplify products of 108
hp (nef) or 828 bp (nef-s uer). For M preparaticr in which HIV-specific

ipt wre not detected, the quality of the RA was xnf ini by Rr-IP with
beta-actin primers (Fig 56E).

The results of the nested PCR assays far HIV PqA with seven different sets of
primers are shown in Fig 55. Of the 48 patient samples that were analyzed with al3
7 sets of nested primers, 45 (93.8%) were positive with at least 1 set of HIV-
specific primers. The three samples in which no HIV-1 transcripts ware detected
were obtained from patients with CD4 cell counts of 383, 587, and 902/Rull,
respectively. Ncoe of the latter patients had received antiret"ro al therapy.

Wvn nested primers ware used for the detection of unspliced rAAs, the gag
primer set yielded 29 or 48 (60%) positive results, the pol nested primer set
yielded 30 of 48 (63%) positive results, and the env-genmnic nested primer set
yielded 31 of 48 (65%) positive. All of these primer sets should detect unsplicd

M•A, whereas the env-genruic primer set shoild also detect spliced env R4A species.
here was good correlation between the results with gag and pol primer sets, with

23 samples yielding positive results with both primer sets, 6 samples yielding
positive results with the gag primer set but not the pol primer set, and 7 samples
yielding positive results with pol primer set but not the gag primer set.
Discordances may be due to sequence variation at sites of bindixg of individual
primers. 1wenty-two samples ware positive with ervw-genic primers as wall as both
gag and pol primer sets, 5 sanples were positive with env-genzmic primers and gag
or pol primer sets, 4 sanples ware positive with env-genunic primers, but neither
gag nor pol primers, and 11 samples negative with envr-genic primers were positive
with gag and/or pol primers.
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TABLE I. IMMUNOLOGICAL MEASUREMENTS AND POLYMI-RASE CHAIN REAC,1_ION Rt--suiis ON PATIENT COHIORi

Immunological PCR results

Patient CDC CD4 + CD4 CD8 CD8 env env
No. class (No.) (%) (No.) (%) T4/T8 A VT' gag pol (genornic) (spliced) tat nef nef-seq

I C3 0 0 223 62 0.0 Yes + + + . . . .

2 C3 0 0 529 55 0.0 Yes + + + + - - -

3 C3 6 7 37 41 0.16 Yes + + + . . . .
4 13 8 I 424 51 0.02 Yes + + + + - + -

5 C3 8 I 178 22 0.04 Yes + + + + - -

6 C3 10 5 119 57 0.08 + + + . . . .
7 C3 23 2 897 79 0.03 - -1 + + - - +
8 B 3 24 2 72 2 59 0 .0 3 Y es + .... ..

9 B3 32 5 486 76 0.07 Yes + + + - - + -

10 B3 62 4 1287 83 0.05 + + + - + + -

II B 3 86 8 7 13 66 0 .12 + - .... .

12 B3 105 5 990 47 0.1I Yes + -. .. + -

13 A3 137 6 1938 85 0.07 . . .. . + +

14 A3 177 12 854 58 0.21 Yes - + + - - + -

15 B3 185 19 614 63 0.30 - - + + - + +
16 B3 191 I1 1180 68 0.16 + + + + - - +
17 B3 195 21 492 53 0.40 + + + - + + -

18 A2 255 16 894 56 0.29 - - - + - + +
19 B2 259 16 875 54 0.30 + + + - - + -

20 A2 281 15 1161 62 0.24 + + + + - + -

21 A2 297 25 654 55 0.45 - + + . . . .
22 BI 306 29 444 42 0.69 - - + + - - -

23 B2 333 17 1420 58 0.29 - + - + - + -

24 B2 336 28 576 43 0.65 + + - - - + -

25 A2 358 23 935 60 0.38 + + + - - + -

26 B2 365 28 770 59 0.47 + - + + - + +
27 A2 370 22 959 57 0.39 + + + + - - -

28 B2 370 14 1614 61 0.23 + + + + - - -

29 B2 383 25 826 54 0.46 . . .. . . .
30 A2 390 29 685 51 0.57 . . .. . + -

31 A2 392 30 626 48 0.63 - - - + - - -

32 A2 408 17 1392 58 0.29 Yes + + + + + + -

33 A2 421 20 1221 58 0.34 - - + + - - -

34 A2 424 16 1962 74 0.22 + + - - + + +
35 C2 426 36 463 39 0.92 + + .. . . .
36 A2 434 29 763 51 0.57 + + + + - + -

37 A2 460 31 728 49 0.63 + . .. . . .
38 A2 490 28 998 57 0.49 + + - + - + +
39 Al 535 25 1214 59 0.44 + + + - - + +
40 Al 560 32 980 56 0.57 - - - + .. . .

41 [I 564 is 1942 62 0.29 + + ... . +
42 Al 569 19 2065 69 0.28 - 4 + + - - -

43 B1I 587 26 133 1 59 0 .44 . - ... .

44 B1 647 33 902 46 0.72 + - --

45 A I 6S86 26 1399 53 (0.49 Yes 4 4
46 Al 822 31 1405 53 0.59 - 4 -- - -

47 A l 902 52 520 30 1.73
48 A l 1280 49 706 27 1.81 4

'AVT, antiviral therapy: yes. patients were known to have been on therapy within the previou, 6 months: blanks indicate patient
had not becn on therapy

Fig 55
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FIG. I. HIV-I RNA RT-PCR analysis. (A) The schematic
drawing of the HIV-I genome is shown with the nucleotide

432bp .V-genoic positions relative to the RNA initiation site indicated above,
Genes encoding structural proteins and regulatory proteinr :

b=P env-spiiced indicated separately. (B) The unspliced transcript that encodes
Gag and Pol proteins is indicated as well as the positions of the

D muitple - .....-- .�.1 *-- nested primer sets in each gene. Arrows indicate positions of the
Spked ,, ,w,[a- , primers, and the designation for each primer is shown in the box

,306 bp4 W above or below the arrow. Nucleotide positions of the primers
are indicated outside the boxes. The predicted sizes of the

E. products of the nested PCR reactions are underlined and indi-
Mg.2 A.nnelk Nubnibe cated below the boxes. In the case of env-genomic products, the
Conc TenV of cyces actual product size was 22 bp larger than the genome locations

Ist Round 7mM 47"C 24 would indicate because of the addition of I I bp on eac,: ,-imer,
ga_ 2nd ,ARn 3fA 53"C 29 including an EcoRl restriction enzyme siio. (C) The se,.le-

Rot no•d 7, 41"c 24 spliced transcript encoding Env and Vpu products is indicated
Pol 2nd Round 3MM 41*C 34 with the dotted line indicating the intron that is removed by
e 2,ndst Round ,4M s46'C 029 splicing. The nested env-genomic primers are indicated, as well

as the env-spliced primers. (D) The multiple-spliced transcripts
_,.m#- 53*C "c are represented by a schematic showing one of the tat mRNAs.

In each case, the first round of PCR was performed with primcrs
1st Round 3mM 52'C 35

t-- 2nd Round 3 52"C 35 SI and SI I shown in the 5'- and Y-most exons. The second

Io Round f s2"C 35 round of PCR was performed with primers S4B (for tat mRNAs)
2nd Round 3MM 52"C 35 or S7B (for nef mRNAs), both of which span the first splice site.
- 3mMound i, 561C 35 and with primer LA4 I, found in the 3'-most exon. The predicted

seq wce 2nd Round 3MM WC 35 nested PCR product sizes for tat and nef transcripts are under-

2,n ,-.2mM 45*C 29 lined and indicated to the right. (E) Reaction conditions for PCR
are listed.

Fig 56

W-en nested sets of prlm.s were used for the detectin of Spliced I.s, the env
spliced pr~ier set yielded 21 or 48 (44%) positive results, the tat set yielded 3

or 48 (6.2%) positive results, nef prii-rs yielded 28 of 53 (53%) pxoitive results,a

nd the nef-sequenre primer set yielded 9 of 48 (19%) positive results.
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DiscEancies between the two different nef primer sets may be due to sequence
heterogeneity, as well as to the lower sernitivity of the rnf sequenc prier set
ompared tot he rnf primer set.

TABLE 2. KENDALL TAU b CORRELATION ANALYSIS BETWEEN PRESENCE OF HIV- I RNA
TRANSCRI1TS AND IMMUNOLOGICAL PARAMETERS

Correlation coefficient (P)

CDC" CDCh
Gene CD4 CD4 (%) CD8 CD8 (%) CD4/CD8 clin clinICDJ4

gag -0.25 -0.24 -0.18 -0.02 -0.21 0.36 0.38
(0.03) (0.05) (0.13) (0.90) (0.08) (0.01) (0.003)

pol -0.17 -0.25 0.02 0.09 -0.22 0.16 0.16
(0.16) (0.04) (0.88) (0.47) (0.06) (0.25) (0.22)

env-gen -0.22 -0.29 -0.07 0.20 -0.27 0.12 0.13
(0.06) (0.02) (0.56) (0.11) (0.02) (0.40) (0.31)

nef 0.09 0.006 0.20 0.10 0.009 -0.27 -0.15
(0.94) (0.96) (0.09) (0.43) (0.94) (0.05) (0.24)

nef-seq -0.08 -0.02 0.21 0.28 -0.04 -0.09 -0.05
(0.95) (0.87) (0.08) (0.02) (0.72) (0.53) (0.71)

'CDC classification of HIV infection based on clinical status. Categories are (I) asymptomatic,
(2) symptomatic, non-AIDS, and (3) AIDS-indication illness."bCDC classification of HIV infection based on clinical status and CD4 cell count. Above

categories are subdivided into three groups: CD4 count >500/mm 3. 200-499/mm 3, and <200/
mm3. 17a

Fig 57

Kardall Tau be correlaticn coefficient. and p values of significant inverse
correlaticns ware detemined between results of transcript detection and
inmunological parameters ard clinical parameters. Fig 57 shows the results of these
calculations for transcripts that either approadces or attained statistical
significance when correlated with various inmunological parameters. Statistical
significance (at the level of p<O.05) was achieved in the oorrelation of gag
transcripts with (C)4 cell count, CDC clinical stage, and CDC clinical/CD4 stage, pol
transcripts with CD4%, env-genmnic transcripts with CO4% and nef-seg~ue
transcripts with C18%.

Sequenes fran nef transcripts fran 7 patients have been determired and a
single expression clone fran eadc patient derived for furctional studies. In
addition, we examined the evolution of the nef gene in sequentially derived samples
of adults infected with HIV-1. since the nef protein is partially encoded by
sequences within the U3 regicn of the 3'I.iR, and the dual furz.tions of these
overlapping sequence my place additional oom xraints on nef evolution, the current
analysis examnined sequences from the entire U3 region as well. The current study
is novel in that sequences are derived fran early as well as late stages of disease,
unlike several previous studies of nef aid LTR evolution.
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Four subjects (SI-$4) ware identified from whom periperal blood mnuclear
cells (PSHCs) were obtaired over a 2.5-4.5 yr period. The first time point (A or
D) was selected at the earliest time after wri n ltn the CD4+ 1Wyx)=yte
count was >900/um?. The intermediate time points (B) sere selected when the C)4+
lynm-yte count was 400-800/1mi'. My-e last time point (C or G) was selected at a
time when the CD4+ lynmhocyte count was <400/nTrL. nie same samples were used in an
earlier study examining sequero variation in the V3 xoding domain of env.

[EA was isolated frao the uncultivated PEMCs, and PCR was performed with a
nested set of primers. RR procts were digested with Hind III, and cloned into
pUC9. Eight independent clones were selectived and complete sequence analysis
performed on both EM strands of the plasmids by the dideoxy sequencing method. Taq
polymerase inued errors or other cloning associated errors contributed minimally
to the sequence diversity noted in this study, based an control experiments
measuring the nucleotide misirxrporaticn and recombinaticn rates generated urder
cur PcR anplification conditions, in agreement with previous studies.

Predicted amino acid sequences for Nef are shown for each of the four subjects
in Fig 58. ahe first sequence obtained fr each subject art the earliest available
time point is shown, and differences in other clanes from the same subject are
indicated below.

Levels of nucleoti and amino acid sequence diversity are shown in Fig 59.
In addition to the level of seieree diversity in the entire nef gene, tabulaticns
were performed separately for the 5 'portion of nef which does not overlap the LIR,
and the 3,'prticn of ref which overlaps the IIR. Intraperiod, interperiod, and
interpatient diversity were also determined.

At the earliest time point, 0-1.3% nef nucleotide and 0-3.2% amino acid
diversity was noted for subjects S1, S2, and S4 (Fig 59). No early time point
samples were available for S3. At later time points, 0.4-3.5% nucleotide and 0.6-
6.3% amino acid sequence varaiticn was noted. Thaugh subjects S1 and S4
demonstrated higher levels of sequence variation at late points compared to the
earliest time points, sequenres for subject S2 showed comparable level of diversity
at time points A and C.

Interperiod diversity was higher than intraperiod diversity, with 1.2-6.5% nef
nucleotide and 2.7-13.8% amino acid variation (Fig 59). Intrapatient diversity
was generally higher than intrapatient diversity, with 5.8-10.8% nef nucleotide and
10.7-20.3% amino acid diversity.

Sequence diversitq within Nef was not uniform over the length of the predicted
protein pruduct. 'Me irntiator "ethicznie codca was cornerved in al. sequenoes
described in Fig. 58, and all previously reported seuencs except oe. Glutamic
acid residues at positicr 62-65 were well conserved, as previously reported, but
substitutions with glycine, lysine, or aspartic acid residues are noted in claoes
49-50, and 53-80. A tetrad repeat of proline residues at residues 69-78 were
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altered in only a few instancs (clones 10 ard 36), and were noted previously to be
coerved. A Gly-Pro-Gly sequere at residues 130-132, siuilar to that in the V3
loop of the HIV-1 envelqoe and predicted to form a beta-turn, were also well
conserved (except clone 25), as previously noted.

Many of the Nef amirv acid alterations arising over time in each subject were
similar to those described in axmpariscns betwn different infected subjects (Fig.
58). A protein kinase C phispblrylaticn site at Thr-15 was frequently altered to
Ala (clones 9-19, 21-25, 29-37), Lys (clones 49-50 and 70), or Arg (clones 64, 65,
68, 69, 71-80), as previously reported. rlhe presence of Thr at this position
abrogates trancriptional effects of Nef, but does not affect the ability to
danregulate cell surface CD4 expression. Ths residue is located within a highly
polymorphic region of Nef, including amino acids 8-15 (clones 5-11, 16, 18, 53-57,
60-80) (21, 68), wh&ich has also been inplicated as a nuclear localizaticn signal.
A potential protein kinase phospjorylaticn site has also been described at Thr-80,
within conserved resids 77-82 (except clones 63-66, 68-72, and 74-80) but it
remains to be demontrated that this residue is actually phoshclrylated. The
potential casein kinase II phosphorylation site noted at residues 157-160 in 24 of
54 sequens reported by Sugars et al, is altered in all clones described in Fig.
58. lhe potential tyrosine kinase recognition site at positions 94-102 noted in 36
of 54 sequences of St~xars et al. and 7 of 60 sequences of Delassus et al. is
present in 29 of the 63 Nef protein sequences in Fig. I. Gly-99, previously shon
to be inportant for Nef stability was altered to Arg in clones 5-8 and 10-11.

Met-20, which my serve as an internal initiator codon, was well conserved,
altered to Ile in only clones 16 and 18. A variable duplication has been described
far residues 23-25 and is noted in clones 1-8. Cys-142 was previously shown to be
inportant far Nef stability and was completely conserved in the sequences analyzed
here and previously. In ccntras, Cys-168, stxn by Zazcpoulos and Haseltine to be
important for Nef activity was present only in clone 53, and in none of the 60
clones analyzed by Delassus et al. Cys-55, which was not found to be required tor
Nef activity was well conserved, altered only in clone 8. Asn-127, a potential
glycosylation site noted by Guy et a!, but not thought to be critical for Nef
activity was conserved in all sequences except clone 36, and all 60 sequences
reported by Delassus et al.

Several novel and potentially important amino acid changes, which were not
previously reported, were noted in this study. Alteration of Gly-2 to Cys in
predicted Nef products frao clones 61 and 62 alter the myristylation acceptor signal
of Nef. M-,ese alteraticr should prevent myristylation, which is inportant for Nef
nmf•rane and cytoskeletal association, cell surface CD4 downregulation, and
suppression of HIV transcription. Other novel amino acid substituticns were noted
at positions 12 (Arg in clones 16 and 18), 19 (Gly in clones 1-4), 21 (Asn in clones
9, 12-19, 21-25, 29-37), 38 (Gly in clones 21, 22, 24, 25 and 33-36), 85 (Phe in
clone 5-8 and 10-11), 86 (Tyr in clones 6-7), 92 (Asn in clone 19), 102 (Trp in
clones 1-8 and 11), 120 (His in clones 1-4, Phe in clones 5-8 and 11), 128 (Ala in
clone 31 and Ser in clones 53-65, 67, and 69), 139 (Cys in clones 53-72 and 77-80),
159 (Arg in clone 8, Glu in clone 21-25), and 201 (Lys in clones 1-4, 16, and 18)

Premature stop codons have been noted frequently at position 124 in previous
studies, including 6 of 54 sequences described by Shugars et al. Though premature
stop codons were not identified at position 124 in the current study, a premature
stop codon was noted in clone 24 at position 141, and premature stop codons arose
at positions 92 (clone 35) and 100 (clones 73-76) as a result of frameshift
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mutations. Premature stop codcns were noted at positions 22, 57, 84, and 104 in
HIV-1 Nef and at position 93 of SIVnac239 nef. Premature stop codcrns have also been
reported within the open reading frames of HIV-1 sequences for tat, rev, pol, and
env.

Ihe analysis of Nef sequence variation in this study and V3 envelope sequence
variation fran the same patient samples allows a direct compariscn of the results.
In both cases, intrapatient intraperiod diversity was generally lower than
intrapatient interperiod and interpatient diversity. Furtherimore, higher levels of
intraperiod diversity were generally identified at later time points as compared to
the earliest time point for each subject. Similar results were cbtained when Nef
sequences fram adults with primary HIV-1 infection were compared to those obtained
fram their HIV-1 infected sexual partners, and when Nef sequences derived from HIV-I
infecteid P4 transcripts fram individuals with >450 CD4 lymphocytes/lmn were
compared to those fram individuals with <450 CD4 lynhocytes/mxi.

Studies of V3 envelope diversity have consistently shown increasing levels of
sequence diversity from early times of infection to later stages of disease.
Moreover, V3 sequence heterogeneity was found to be lower in infected neonates
oxmpared to that in their infected mothers and in adults with primary infection

compared to their infected sexual partners. In addition, several studies have shown
lower levels of interpatient V3 envelcpe sequence diversity amrrn HIV-I clones
obained early after infection, ozmpared to that found at later times of disease.
Sequences obtained within a few months after infection ware highly homologous with
the Narth American conensus V3 envelope sequence and sequeris detexmi-3d to be
important for regulation of HIV-I infection of macrophages. In contrast,
intraperiod Nef sequence variation did not always increase in magnitude over the
cse of disease in vivo, as shown by the results with subject 2 of this stldy.
Moreover, interpatient Nef sequence diversity at the earliest time points was
cxrprable to that identified at later time points (not shown).

Nucleotide sequences are provided in Fig. 60 for a portion of the 3'UIR
(nucleotides -228 to +79, nuntbered relative to the INA initiation site) from all 80
clones of the four subjects. Ths includes sequences downstream of the nef
termination codrn at positions -124 to -122, NFkB binding sites at -104 to -95 and -
90 to -81, SPI binding sites at -77 to -68, -65 to -57, and -54 to -46, TADA
sequence at -27 to -24, the TAR stem 1 at +1 to +29, the TAR loop at +30 to +35, the
TAR stem 2 at +36 to +58, and the polyadenylatian signal at +74 to +79.

Sequence diversity in the portion of the LuR following nef is comparable to the
portion of the ULR overlapping nef, as well as the portion of nef preceding the LTR
(Fig 59). At the earliest time points, intrapatient intraperiod diversity for the
portion of the LIR following nef was 0-1.9%. At the later time points, intrapatient
intraperiod diversity was 0.3-2.9%. Intrapatient interperiod diversity for this
portion of the LTR was 0.4-3.7%, lower than that found for nef. Interpatient
diversity was 3.1-6.7%, lower than that found for nef.
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The cellular transcription factor, NF-kappa B, recognie the motif GOOACrIt,
which occurs twice in the HIV-1 LUR. Pettersson and Schaffner have demontrated
synergistic activation of transcription by multiple binding sites onmpared to that
found with a single binding site. These sites mediate responses to T-cell and
Macroooage activation signals, as well as viral gene products from herpesviruses,
and other retroviruses. Substitution of C at position 6 with A (clone 61) is
predicted to have no effect since this matdis the NF-kappa B-birding site in the
beta interferon gene promoter. HwJever, substitutions at position 3 (clone 68), and
position 7 (clones 14 and 68) are moe likely to disrupt NF-kappa B binding.
Naturally occurring HIV-1 isolates with deletions and/or duplications in the NF-
kappa B binding site have been described previously.

The cellular transcripticn factor, Spl, rexcgnizes an assymetric decanixlectide
sequence, (G/T)GGGCOPuPuPy. The affinity of binding of Spl to this site is
determined by the match of the given sequence to the cornsnsus sequence. A single
Spi site can activate transcription, and although site III (distal site) has the
highest affinity for binding Spi, it is clear that sites I and II are important in
activation of transcripticn from the HIV-1 praumter. Transversicns at specific
nuclectides may or ray not have significant effects on transcription. Siingle G 1n

C tra ersicn mutaticr at positicrs 4, 6, 7, or 8 reduce the birding of Spl,
although a G to T trarsversion at position 7 is acceptable, as seen in site III with
clones 9 and 10 from subject 1, and all clones from subject 2. Guanines at
positions 3, 4, 6, and 9 are highly preferred, but purines at positions 2 and 8 are
equivalent. Positicr 1 and 10 within eadc binding site have the greatest
flexibility, and multiple mutaticr are found at these positions in site III in
clones fran subject 4.

-he TATA sequence at nucleotides -27 to -24 is required for correct viral RiA
initiation and serves as a binding site for several cellular factors. In addition
it mediates transactivaticn by a cytmegalovirus immediate early protein. Mutaticn
of the highly conserved T at position 3 in this motif as is found in clones 1-8, 11,
43-48, 78, and 80 is predicted to significantly reduce the binding activity of this
motif.

TAR is a cis-acting IFA element localized to nucleotides +18 to +44. Tat
function requires direct interaction with TAR. 'he TAR element is a stem-locp
structure with a 6 nucleotide loop, and a bulge in the stem below the loop. The
loop is not required for Tat binding, but is essential for Tat function, and is
cnserved in all the clones shown in Fig. 60. The bulge structure in TAR (UnCJ) is
essential for Tat birding, and deletion of the bulge markedly reduces Tat binding
in vitro.

Specific nucleatides are required for cptimal Tat-'TR recogniticn, and these
include U., as well as nucleotides 17, 28, 32, and 34. The Gý,-C, and A.-U, base
pairs, located just above the bulge, are extremly important for binding and
function, and are generally highly conserved. subjects 1 and 3 in the present study
have a conserved UUJ bulge- and 26-39 and 27-38 base pairs except in clone 9, which
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has a C to T transversicn in the middle of the bulge, as is found in several other
HIV-1 isolates previously described. TAR bilge sequences in clones fram slj-ect 2
exhibit the same C to T trýarversicn with the exception of clone 20, and clone 15
which has a CUU bulge sequence. Subject 4 has conserved sequences throughout the
TAR structure, except in the lower part of the stem, with G to A tr versicrs at
site 15 in cloces 71 znd 72. A previcus study of Tat and TAR fr sequential
patient samples found no zonsistent alteration in activity with disease progression.

Mhe AAUAAA polyadenylation signal at rncleotides +74 to +79 is inportant for
viral FA processing. UEe U residue at positicn 3 of this motif is oampletely
conserved among eukaryotic polyadenylaticn signals, and thus deletion or
transversicn to C as seen in several clcnes is likely to abrogate its function.
However, the presence of cryptic polyadenylaticn sites elsewhere in the 3'LIR can
not be excluded.

In contrast to several previous studies, large deleticrz, insertions, and
rearrarxpexts were found in several clones (Fig. 60). Cloaes 73-76 had deleticro
of nucleotides -228 to -5, and clcnes 77-80 had deleticr of rxcleatides -228 to -
39. Clnes 51 and 52 exhibited an insertion of novel sequences in place of those
at positions -129 to +20 and -278 to +25, respectively. The inserted sequences did
not closely match each other, any ctner HIV-1 sequences, or any sequences available
in Gaenbnk. In conritrast, clcoes 43-48 exhibited a novel rearrangement in which the
LIR sequences have been replaced by a repeated sequence osrrespording to R-U5
sequeces-. These LTR alterations are not likely to be a consequence of an
artifact related to P(R or cloning, since very similar deletions, insertions, and
rearrangements wre noted when different PCR pruners were utilized with these same
patient samples, but rot other patient sanples. It should be noted that these
alteraticrs were only noted in last time point from two of the four subjects, and
in none of the earlier time points. Delassus et al also noted deletions in 2 of 60
clcnes. It is unclear whether such gross sequenck alteratiocs in nef/LTR relate
directly to disease progression or lcnger duraticn of disease in vivo. If so, this
could represent a selection for more disparate, perhaps noni-functional nef/LLR
sequences during the course of disease. Alternatively, these sequences ray have
arisen fran a lack of selective forces which may have been present at earlier stages
of disease for preservation of ref/LUR function.

Mfle plasticity of the HIV-I gencm has been extensively described and is due
to reverse transcriptase miscpying, duplication, deletion, recombination, and
hypermutation. These effects provide the virus the ability to respord to selection
pressures and adapt to the local envirmnts. The pattern of sequence evolution
in nef and LTR sequences is clearly different from that previously characterized for
the portion of env encoding the V3 loop. Detailed sequence analysis of both regions
of the HIV-I genome using the same patient sanples provides a useful crparison.
Though arogressive sequence heterogeneity was identified in V3 encoding env
sequenes for all three subjects, progressive sequence diversity in the nef/LTR
region was noted for only two of the three subjects for wham these data we
available. .1rthermore, V3 encoding env sequences at the earliest time points from
different subjects exhibited very similar predicted amino acid sequences within the
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V3 loop, similar to those previously defined as the North Ame-,ican enus
seqre and also dentsirated to be 1ipcutant. far def inirq rn-syroytia-irdIaing,
mcrophage-trwic isolates. In ccritrast, interpatient cxupariscns of nef/LTR
seq ences fran the earliest time points resulted in no greater global or regional
similarities than interpatient cmpariscr of sequr -s frcm later time points.
Mihase findings suggest indpernient sequence evolution for the env V3 dmain and the
nef/LTR region, most likely reflect different selective forces.
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i) rTi determine the thera-eutic role of Nef in down-regulating HIV-1

Since Nef has been shown to be a pathogenic factor in SIVmac in rhesus
macaques, cur goal in this regard is altered. Insufficient funds were available to
further pursue this task, due to drastic budgetary cuts in the last six months of
the project.

(7) CUCLMCNS

Use studies of Vpr have shown that this protein is critically important for
productive infection in mcnocytes. In addition, Vpu may functicnally ocuplement the
activity of Vpr. The mechania. of action of Vpr and the dcmains critical for this
activity were defined.

The studies of Vpx have focused on the mechanism of packaging of Vpx into virus
particles. Ths has led to the very inter•estir observation of an association of
"V4c with gag p24. This provides specific ideas about the netanis of Vpx activity.

2vle stuixies of Nef have clearly demontrated an effect on NF-kB and API
activity. lie effects are shown to be specific by the lack effect on other
trzaxcripticaal factors, including SPI, LPS, and USF. Moreover, we have found that
these effects are functionally important with regards to HIV-I transcription and IL2
expression. It is likely that a camnnn mediator in signal trarrk nticr is affected
by Nef.

We have also found that Neff interacts with the cellular cytcskeletcn and that
this interacticn depends upon Nef myristoylaticn. Ths Pay provide specific clues
to the way Nef interrupts signal transdurcticn and down-regulates cell surface CD4
expression.

Studies of nef sequenes from patients at different stages of disease have
shown no major alteraticrs in the gene early during HIV-I infection, but frequent
inserticos, deleticr, cr rearrarTemnts at late stages of disease. Thds may have
inportant implications oncernin the role of Nef in disease progression.
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Monocytes and tissue macrophages present a target for human immunodeficiency virus
type 1 (HIV-1) infection in vivo in diverse tissues, including brain, spinal cord, lung, and
lymph node, as documented by electron microscopy, immunohistochemistry, and in situ
RNA hybridization methods (Gendelman et al. 1989). The potential importance of mac-
rophage infection in AIDS is supported by the central role of infected macrophages in
the pathogenesis of other lentivirus infections (e.g., visna-maedi and equine infectious
anemia virus), in which the macrophage is believed to act as a silent reservoir of virus
throughout the course of subclinical infection and disease (Narayan and Clements
1989). Despite these observations, however, profound differnnces have been observed
in the abilities of various HIV-1 isolates to infect and replicate in primary monocytes cul-
tured in vitro (Gartner et al. 1986; Koyanagi et al. 1987; Gendelman et al. 1988). The
focus of this work therefore has been to identify molecular determinant(s) within the HIV-
1 genome that control its ability to utilize primary monocytes as a host cell in vitro.

For these studies, we have employed the ADA HIV-1 isolate (Gendelman et al.
1988). which replicates to high levels in primary monocytes; the HXB2 proviral clone
(Fisher et al. 1985), which is incapable of monocyte infection in vitro; and a full-length
molecular HIV-1 clone, Yu2, isolated from infected brain tissue without prior passage in
vitro (Y. U et al., in prep.). DNA derived from an ADA-infected monocyte culture was
used to isolate a partial molecular ADA-M clone, consisting of a 3.5-kb Sacl-Sacl frag-
ment spanning env, nef, and vpu, and portions of tat, rev, and the 3' long terminal
repeat (LTR) (Fig. 1). Sequence analysis d&.monstrated that each of these ADA-ivi open
reading frames was intact and of full length, with 80-92% predicted amino acid se-
quence homology relative to HXB2 (not shown).

To study the biological properties of the ADA-M-encoded genes, all or portions of the
3.5-kb clone were exchanged for analogous HXB2 sequences to generate a panel of
full-length, recombinant HXADA clones (Figs. 1 and 3). Virus stocks generated from
these clones by transfection of SW480 or COS-7 monolayers were used to infect pri-
mary peripheral blood lymphocyte (PBL) or monocyte cultures. Virus replication was
monitored by serial determination of reverse transcriptase (RT) activity in culture super-

Vaccines 91. Copyright 1991 Cold Spring Harbor Laboratory Press 0-87969-367-3/91 $1.00..00 71
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Figure 1
ADA-M molecular cloning and recombinant construing. Hirt supematant DNA was isolated from
an ADAinfected primary monocyte culture, digested with Sad, I 'ated into Sad-digested .-ZAP

arms, and packaged to generate a phage library. Plaques (2.5 x 10,) were screened with a labeled
3.5-kb Sad-Sad fragment from HIV-1 clone HXB2, spanning env, net, and vpu, and portions of tat,

rev, and the 3' LTR as diagramed. A single positive plaque was isolated, from which a phagemid

was excised and shown to contain a 3.5-kb Sad-Sad insert (shaded box). The ADA-M done was
subcloned into a plasmid containing HXB2-derived Sal I-Sad and Sad-Xbal adaptor sequences

(open box). The Sal I-Xbal fragment containing the ADA-M partial clone was then subcloned into an
HXB2gpt2 plasmid lacking these sequences to generate a full-length recombinant done, HXADA-

SS. The 3.5-kb ADA-M clone was subdivided further to generate the panel of recombinant HXADA
clones shown in Fig. 3

natants. "Silent infection" of monocyte cultures that failed to generate levels o, progeny

virion release detectable by RT assay was determined ultimately by vir..s recovery fol-

lowing cocuftivation with fresh, uninfected PBLs at 24 days postinfection.
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Figure 2
Replication ot HIV-1 molecular clones in primary monocytes and virus recovery by PBL cocultiva-
tion. Data from three representative clones (Yu2. HXADA-GG. and HXB2). each of which demon-
strated a distrinct replication phenotype in primary monocytes. are shown. Virus storks were

Xba-1prepared by transtection ot 50% confluent SW480 or C.OS-7 cells with 10 jig of proviraJ DNA by the
Xba-Icalcium phosphate method. Filtered 1.0-mi culture supernatant aliquots harvested at 60 hr post-

4> transfection were used to inoculate primary monocyte monolayers. Monocytes were purified by
elutriation of leukophoresis preparations obtained from normal donors and plated 7 days prior to in-
fection in 24-well plates at a density of 200,000 cells per well. Monocytes were maintained in AIM-V
medium (GIBCO) supplemented with 10% heat-inactivated normal human serum and 1000 dulml

as isolated fronm rM-CSF. Virus replication was monitored by serial determination of RIT activity in culture super-
digested ) ZAP -natants. At 24 days postinfection, cells were washed three times with phosphate-buffered saline
I with a labeled (PBS) prior to the addition of 1 million fresh uninfected PBLs. which were purified by centrifugation
d portions of tat, *onto Ficoll, stimulated with PHA (M4 ig/lrn). and grown in RPMl medium supplemented with 10%
iic a phagemid heat-inactivated fetal calf serum, 4 mm glutamine, and 50 units/mI rtL2 for 4 days prior to cocultiva-
DA-M done was bion. Following 2 days of monocyte/PBL cocultivation, nonadherent cells were removed by vigorous
iptor sequences .pipetting and maintained in PBL growth medium for an additional 14-21 days. Virus recovery onto
ubcloned into an PBLs was determined by measurement of RT activity in culture supemnatants.
,done, HXADA-
mbinant HXADA

HXB2. Yu2, and each of the HXADA clones generated high levels of replication in
tels f prgenyPBLs (more than 1 million cpm/ml FT activity; not shown). However, three distinct

ies reofer progen replication phenotypes were observed in primary monocytes (Fig. 2). Virus derived from
is reoveryfol-the Yu2 clone rapidly achieved high levels of replication that were sustained throughout
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,,n j the 24-day culture period in monocytes, a phenotype designated productive infection. In
" CD -6 contrast, neither HXB2 nor the recombinant HXADA clones generated detectable levels
8 >' :,' -of virus replication in monocyte cultures. However, virus was recovered consistently fol-

-> , lowing PBL cocultivation with monocyte cultures infected with HXADA clones that
2? .-E 'IOU shared a 580-bp ADA-M-derived env sequence encoding amino acids 240-435 of the
0 M 0 omature gp120 protein. The phenotype of monocyte infection without subsequent virus-1; E cc

8.g ji E Zreplication detectable by RT assay has been designated silent infection. Virus was never
SE recovered from monocyte cultures infected with clones in which this env element was

0 -- derived from HXB2 sequences, despite the inclusion of flanking ADA-M-derived se-
"-2 • 'quences encoding net. ilu, or the U3 portion of the 3' LTR. This phenotype has been

0 O-
Z c designated no infection, although the possibility of a noninducible latent infection by
C -IV- • ,,these clones has not been excluded rigorously at present. These data are summarized

in Figure 3.
S- ' . W -_ On the basis of these experiments, it is apparent that three distinct phenotypes of

oU 2 - virus replication are observed in primary monocytes ,sing molecularly defined HIV-1
- clones. A productive infection leads to rapid generation of high levels of virus replication,

C M8 • as seen with the Yu2 clone, as well as with the original ADA isolate and other primary
E 0 - -" HIV-1 isolates. Silent infection of monocytes, similar to that described by other investi-

o 2 - , gators using primary isolates (Valentin et al. 1990), is observed with certain recombinant
S = 0 E HXADA clones and is characterized by a lack of detectable replication, despite con-

- -G Ca sistent virus recovery from monocytes after extended periods in culture by cocultivation
Z a- " with a sensitive target cell type.
- • _•Finally, HIV-1 clones such as HXB2 appear incapable of infecting primary

•- U! monocytes, as indicated by our inability to rescue virus from these cells by cocuhivation
C: 0Sowith PBLs. A 580-bp env sequence derived from the ADA-M done, encoding the V3 loop

and CD4-binding domain of gp120, is both necessary and sufficient to convert the no in-

E > . fection phenotype of HXB2 to that of "!lent infection.
- - Although these data clearly implicate env as a critical determinant for HIV-1 infection

of primary monocytes, an obvious discrepancy exists between the productive infection
(U "phenotype of the ADA isolate and that of the HXADA clones that contain env sequences

.2 ):5- derived from that isolate but fail to replicate to high levels in monocytes. To account for
•this discrepancy, we propose two alternative models. According to the first model, env

S:, £ •,would be sufficient for infection of primary monocytes, but additional genetic elements
IE o would be required to attain high levels of virus replication. Since the ADA-M clone util-

E E ized in these studies comprised less than half of the HIV-1 genome, it is reasonable to
< : 0 speculate that other viral genes, such as vpror vif. could act in concert with envto regu-
ý < ,,, late the virus life cycle in primary monocytes. Alternatively, it is possible that env acts as

M: the sole determinant of HIV-1 infection and replication in monocytes. In this scenario, dif-
"Z0-o- 0 c ferences in replication phenotype would reflect various degrees of adaptation to

,E .c '. monocytes encoded in the critical env determinant of various clones, with the Yu2 and
* .o HXB2 clones situated at opposite ends of a continuous spectrum. The inability of
t- X specific HXADA clones to generate high replication levels in monocytes could be ex-

0[. C S plained by this model if the virus from which the molecular clone was derived, a corn-
A W ponent of a presumably heterogeneous primary isolate, is postulated to have been only
.0 0) . moderately adapted" to monocyte replication.

- Z M Additional studies, including the construction of recombinants from the Yu2 clone,
0E t: - are under way to address these possibilities and to identify the steps in the HIV-1 life

Z 2 cycle that are regulated in the expression of these replication phenotypes in primary

S- (2monocytes. An understanding of the molecular basis of both silent and productive HIV-1
-E infection of monocytes in vitro, facilitated by the use of molecularly defined clones, will

Co E 0- provide valuable insight into the viral components of such complex and poorly un-
"it n (2 - 00 °derstood phenomena in vivo as disease latency and progression to AIDS.

I-
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Simian Immunodeficiency Virus Negative Factor- Suppresses the
Level of Viral mRNA in COS Cells
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Thc nef gene is conserved among all human and simian lentiviruses. llowever, the amino acid similarit%
between simian immunrideficiencvi virus (SIX) and human immunodeficiency virus type I NEF is onlN W,(%. T'10
assess the role of SIV NEF on virus replication and compare its activity with that of its human immunodefi-
ciency virus type I counterpart, we examined the activity of an intact nef gene from proviral clone pSIX' 102.
an isolate from SIV'-NIAC-25 I-infected cells. Proviral clone pSIX' BA was constructed by introducing a
premature termination codon at codon 40 of the nef gene without altering the predicted amino acid sequence
of the overlapping env gene. These two clones were transfected into C)4- COS cells, and virus replication "sas
monitored by p27 enzyme-linked immunosorbent assay kits. In seven independent experimeints. clone pSIN' BA
afforded two- to sixfold greater levels of viral antigen compared with those in clone pSIN' 102 and two- to
sixfold-increased levels of viral mRNAs as indicated with Northern (RNA) blot and SI nuclease protection
analyses. Nuclear run-on assays demonstrated a tiso- to threefold increased rate of RNA synthesis with nuclei
isolated from cells transfected with pSIV BA compared with that fronm cells transfected with pSIV 102. In
contrast, there was no apparent destabilization of SIN' mRNAs by NEF, as measured in dactinomycin-treated
cells. This study demonstrates that SIN' NEF is a negative regulator of virus replication and acts by suppressing
the level of mRNA synthesis and accumulation in COS cells.

Simian iMMUnodeficicricy virus (SIV) is closely related to MIATERIALS AND) METHODS
human ir.'munodeficiency virus types I (HIV-lf and 2 DNA clones. Clone PK102 (kindly provided by B. Hahn,
(HIV-2) (5. 25). Both SIV and HIV include an open reading Univer-sity of Alabaima at Birmingham School of Medicine)

*0 frame at the 3' end of their genomes. the protein product of contains -a full-length SIV genome cloned into bacterioiphage
w hich has been named negative factor (NEFf (8f. There is lambhda gt ticis (14). Lambda PKIO2 DNA was digested %kith
considerable amino acid sequence polymorphism, up to p1*0R1 and cloned into the EcoRI site of the plasnmid exreý
17%. among the nef gene products ofidifferent HIV-1 strains sion vector pSV2gpt (21) to produce clone pSlV 102 ERL.
(22. 26). However, there is a 62'_ amino acid sequence This clone has four Sacd sites, two in the SIV genome
ditlerence between the NEF proteins of SIV and those of (nucleotides fntl 5731 and 9208) and two in the cellular
H-IV1 (Fig. 1). Moreover. SIV NEF contain,, 250 amino flanking. seqUences. Clone pSlV 102 SDS was obtained from
acids. ss hereas, HIV-1 NEF contains only 200 amino acids. pSIX' 10f2 ERL by removing the 3.5-kb Sacd fragment and
Although net is not required for virus replicat~ion or cyto- destIroxing, the two SacI sites in the flanking sequence bs
panthic effect,, in cultured cells, (6), the gene has- been con- escisin~g the 0.3-kb sequence between the two sites and
sers ed iiithin all IHIIV and SIV genomes. wkhich suggests that annealing at SalI-SarI adapter that destrovs the SarI site. A
NILI ser e, in important function, full -tengt h, pro,. ira) clone wkith an intact net gene. pS IX 102.

We aind others have found that H IV-1 NI:F sulppresses wast, constructed by returning the 3.5-kb Sar I fragment to
Iru-Ls ecplicition I I. 2. 9. 16, 20. 24. 28). Nil: mediaites this clone pSI V 1012 S)S.
,,uppressilon atl t he level of viral transcription 11. 241. I oss - lo veneratc at nct miutant proviral clone that is, otherss i'e

cs e. Wtilers have been unable to demonstrate this ncvativ e iso2cuzic . the 3.5-kb Sar I fragment ss as subeiloned into the
ctlect (I . I')), indicating that NH:, : effects m~i% be ctreniel\ plasmIid s ectoi pl(1 9 Ph'lirmTiaciai) ito tormi pIV19-SIV3.
,ensilit i Seto e perimental conditions. Pols mrasei, chaiin teac t on [nit~agenesis rs ais performed sr ithI

In' his stulds. the role of SIV NIl- on the replication (itf 1 priner osellarpint, thle 1/Ill site Int 91W)( atad at niuitant
Sill MAI ( %k, i \;iitined in the ('[1)4 (() )S .cell line. AI- prinert os erl~ipping t he A -v llI sitemIn 91841. (GIG(F ( A A(iA I
thoUi'01 sIX rind fIly-1 NFL+ proteins, base on1%ixs "C- k Y.e- i Cii.I ACI(AAl('(VA(l .\IiA( 1( 1, ,khich ss tiiii
fqllnll siNIlo,1 t\ tile tSSo proitein,, nierlialte doim niegulation I to trni)"tion and a (-to-A trairtssrsioii. ti, hici !ntrodace

"Iof1 s1i Prtrdit"ii (111 1"iippressing the rate oft ira) transc`:Tri- iu ter iounation Cottonii t 11r / amliino acid position 40) \,, itfrit
tion ind niuRNA iccunrliuation. Sly' rir-posuise~ and -necai ale u llrin cidsquecel of the oserlappircing r gcn
tie prosii'il clones skill ble useful in assessing thle (Is so- (1. 21, Ilhe iruusicrtide chainces also eliminatedf the oi
10o1i. role oft NFLI in nliacaques intected skitt; irius dcrised ,Itl2 iti tit 91) 0 hs cons etitig tfie sequience (; Xl(to

fronlii theseclones I his iniimlni,dmdeln~j itIs rnki o~liitticuto ( i(1I(I'). til Ireiuiratioiu \ssas confmirmed bs restriction en-
A11imrditnifi~ fi lattenc\ Iin Suo/ne dicio amid sequenwc a I ~ss.lit addition. seji enkce

ainals si (" tile entue /ut Ueeie of c~lones PSI\ 10-2 and PSI\
BAX confiu med thatl no additional cloning avtIfifkrcts hald oc-
conred. llie (niiitant BeI- ~lItagnient %%dS su11isIItutedI
ini trich criiesprrnrliivtgste' Ili pt U Sl\V 1.1 [he itiu1Ltant

C 'fl 92 ii I i~ 'i. .. kb tria I fragmeint from pl:( SIX' ;_S was inserted intor

isj



V1o i. 6 5 19,)1 Sly N1. %-( Il~lI\

msite If Pile Phosphoryphorylation D)NA transfeclion and cells. COS-7 cell', aredn.e tc
ryis.t .yI~to Site_ At .rican green monkey kidney cells, which dt ot 10 ( cPell

1 C)4 molecules at thle Cell surface and t herefotre caiiiil K w
HIV I CC --- ~SKS~iliPV-ERNR~fAAD -~'- ASRDi61 ~ infected by Sly. These cells were used l'.'~uc is theý

SIVa.- MCGAiSMRRSKPAGDI.RQKLLRARCETYCR1.IEVýED('SSQSLCCLexGLSSRSCErQ 58 easily transleCted and provide at systern for examiningtt thle
role of nij in a system not complicated by the poss~ihljjj of

HIV-I GATTSS-K-TAANNAA5CAWLEAQ ---- -- ~EEXVGFPVTIQVPLAPI`eKAW 84 multiple rounds of reinfection by viruse's generated during11
11 1 H II 1 1111 ransfection.

SIV... KYNQ(2QYMNTPwI6NPAEEKFK[AYRKQNM1IDIDEEDDDIVGVSVRPKVPLIkY 17J Irovirii DNAs for transfeetions We,,re purified (v.1LCc1
______________cesiumn chloride density cent rifuigation. D)NA concentratiot'

H15-1 VDL5HFL~X CGý(LEGLIHS-QRRQD7LD LW~1IrTQCYFP0W.Q5YTrPPCPGIRYPLTFC 140 \vas determined by optical absorption measuremencrts anid
SIVm.c IiIMSiFIKEK GGLECIYYSARRRRILD MYLEKEEClIPDWQDYTSGPGIRYPKTFG 172 confirmed by using agarose gel elect rophoresis ki th ethid-

ium bromide staining. DNA clones werc transfccted by
Iill-I 6RYKLVPVEPFKLEEA2IKGENTSLU1PFVSLHGMDDPEREVLC-RFSRLAFJWVAE 198 diluting the DNA in 4.5 nil of Dulbecco modified Lagcl

I 1111I Il Il II I Imedium IDME) and adding 0.5 ml cf at DEAL--dextran
SIV-c e1_KLVPVNVSDEAQ.oERI-QFAQI5KW. -DDP'JGEVLIAWKSDFTLS'iTYFAYV 231 solution containing 70 mlt of DME, 25 ml of I M Tris (pH

HIV I IIPEYTFKNc 206 7.3), and 5 ml of 25-mg/mI DEAF-dlextran (Sigmia Chemical
I I Co.). After the DNA solution wats mixed. it was added to (60

SIV..c RYPEELEASQACORK81.EKG 250 to 80%l conlluent COS-7 cells on 10()-mm tissue culture
FIG. 1. Amnino acid alignment of the NEF proteins derived from plates. After 4 h, the DNA solution was replaced by 5 mil of

WV-I IIIXB2 3gpt [24. 261) and Sly isolate 1(02 (derived from SIV 100 V.M chloroquine (Sigma) in I)ME supplemtented w.ith
NIIA-s [22~1)T. Based on this alignment. there is at 381/ sequence 101/ fetal calf serum, 50 U of' penicillin per nil, 50 )ig of
simikirit. hetween lily-i NPEF and SIV NEF. Both forms of NEF streptomycin per ml, and 1 niM pvruvatc (DME-SI. Afte 2
may be nssnioy'lated and shr eunesimilarity to the nucico- hteclswrehokdfr25m atroom temperatu~re
tide binding domain of (G proteins (boxed sequences), with 2 nil of 10% dimethvl sulfoxide in DME-S, washed w.ith

phosphate-buffered saline (PBS). and cultured with DML-IEs_
it 370C in a 5%ý CO, atmosphere.

clone pSIV 102 SDS to generate the nef-rnegative clone pS IV Detection of p2711ovcore protein. Cell-free supernatants of
13A. transfected COS cells were analyzed according to the pro-
The chloraniphenicol acetyltransferase (CAT) expression tocols of the manufacturers with a SIV p27 en/rnte-linked

plasmid pSV2CAT was described previously (G0). The actin immunosorbent assay (ELISA) kit (Coulter) or an HIV-]I p-24
eDNA clone was kindly provided by J. Milbrandt (4). The kit (Abbott) with significant immunological cross-reactivity
Ahil probe was derived from a c-sis genomic clone. pL33M for SI V-MAC p27"' antigen.
(17). 'The neomycin resistance gene (nwo) expression clone Detection of SIN' proteins. At 60 h posttransfection. (9()S
pCB6 utilizes the simian virus 40 early promnoter to expr--ss cells were metabolically labeled for 6 h with 5(M) 1i(fi of
nwo mRNA and was kindly provided by Evan Sadler, ['5Simethionine and ["Sicysteine (ICN: specific act;.its1.
Howard Hughes Medical Institute. ui(0)Ci/mmol) in 3 nil of methionine- and ciysteine-frec

DIME supplemented with 5': dialyzed fetal calf serumi. (Cells
were wsashe~d arnd harvested by scraping in PBS. and the cell
pellet wAas soltibilized in 750 p.1 of protein-solubilizing butler

ENV LTR W1(1.1%l SDS. ((.5'., deoxycholate. 1.0%r Triton X-10() [Si2mri I
Iin PBS). A 2001-0i aliquotl of solubiliied cells wkas precleiredt
k. dit tininfectedI niacaqite seirum anid then irinitiiti Fr eý1pi

_____________________________________ it led with 2 p.1 of secantu from anll V-infecctd mcI~t:1IH

kindly, provided hi, R. Dl~erosiers. Nesi, ltivliand Prmilict
Research ('enter) Imnimunopreci pitites 66 ci e 'sashed tn rd

sbetdto 7.S to 20`% gradient sodiurn dodec\s NttI
(SDS5 p.~ol~acr-dla-i-ide gel clectrophorcsis I PAI( i) tihc I-,c

BANI H I were fixed. cnhinc:ed svtth Amplify I .\ncrsh:trnI. driedi. ind,
AATGGATCCTCGCAATCCC T exposed to Kodak XAR-S filmn at 91) (

ENV R W I L A I P v 51 02 RNA analis ses. (if Northern hiot anaisisN. (t(),S ccI, 6crc

NEF D G 5 S 0 5 L w,"ashed withjj PBS iind hartvested h\ scraiping. and RNAN ss .5

isolatted ats described pretviouills (3). RN A %%ias den~t)lik IT
AGATGGATCJTAGCAATCCCT (IS C for 10) 11111 . eletrophoreIsed on at 1.3'S agilrOse 101111-

ENV R W I L A I p pS1 U4 BAldehyile gel, aind tratisferied to at Nitroplhit 200(10 rdiu

NEF D G 5 tion nicninbrrn M,\icron Separations IncA. Iltr I s tc-"e
bitke,' in \itco i ) 80C for 9(1 nun and p-rchrbridi/ed foi 2' 11
inl SO"' f~rnlalitde-S SS(* (I - SS(i Is WIlS 1\I No( I pIts

AMINO A( IF) POYTION 0 O.IS \)15I sodium citratle)-1'; 5f)5SSl iIn.\ Nallt I nIpl

~~~~.~, 5 O fcot t lc~ritidt saclonsritim-0 Iu tit per il, ItR ter pc; cr S

riceired it cotton 4)) of the titt gene hv using polsitterase chain ioc r ti 3m sil adn ieae rne-aee
reaction site-directed mitageilesk\ish ; lit nrthctcoi- o'i'C1Sco'TIIc fragments, generated fromt tile internal I S-kh SmIa~-i raement
sp;,nning the rnutated region. lhe Truncated N~L pioteln cnhisn froni efone pSIV 1W1 or hiorn the 2.1)-kb HinItdll Ifiagriticit oti
'on) the first 1,) artilirr atids,ý bitt tile l\protein, i, 1,%~l. fil te in N-DNA clone. F~ilters %tere vashed three tithes it

The mutation since e~n- and net lie in different readoth! frames1C 6S~ C Iin (1.5 -5 --if-.]' 1% S and exposed to Kodak XAR-S
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film at -90'C. Ten percent of the cells were saved for CAT 2 3
_ activity analysis. 67

(i) SI nuclease protection assay. DNA probes were con-
structed by digesting clone pSIV 102 with Stel, isolating the
590-bp fragment extending from nt 369 to 959, and end -43
labeling with [-y- 1 2PJATP (ICN: specific activity, 3.0M0 Ci/
mmol [1 mCi = 37 mBq]) or by digesting clone pSIV 102 with
Aval (nt 1494), end labeling, digesting with Bsu361. and MAW J
isolating the 1.4-kb Bsu361-to-Aval fragment extending from ýiow, -29
nt 95 to 1494. A probe for two-specific mRNA was generated
by end labeling the 0.65-kb Avall-to-Pvull fragment. which
is contained exclusively in the two gene, from the neo -18
expression clone. Total cellular RNA (12 or 18 p-g) from a
transfected COS cells was hybridized to either probe at 56°C FI G. 3. E-xpression of SIV NEF and GAG proteins. COS cellM
for 90 min and then at 53°C for 90 min in 80% formamide-40 were transfected with 10 ILg of pSV2gpt (lane 1i. pSIV 102 (lane 2).
mM PIPES [piperazine-N,N'-bis(2-ethanesulfonic acid)] (pH or pSIV 1A (lane 3). At 49 h posttransfcction, cells "ere labeled
6.4)-l mM EDTA-0.4 M NaCI. Samples were cooled to 16'C with I "Slmethioninc and I "Slcysteine and immunoprecipitated , ith
and digested for 30 min by adding 0.3 ml of ice-cold S1 buffer serum from an infected macaque. Immunoprecipitated samples %k ere
(0.28 M NaCI, 0.05 M sodium acetate [pH 4.61, 4.5 mM then denatured and subjected to SI)S-PAGE in a 7.5 to 201';

gradient. -, N .F protein expressed in pSIV I1 2-tiansfected cells: g,ZnSO 4, 20 tag of sheared salmon sperm DNA per ml) precursor and processed gag proteins in pSIV 1102- and pSIV
containing 1,000 U of S1 nuclease (Pharmacia) per ml. BA-transfected cells.
Reactions were stopped by adding 50 0l of 4.0 M ammonium
acetate-0.1 M EDTA. Then 10 pLg of yeast tRNA was added,
and the nucleic acids were precipitated with ethanol. Precip-
itates were dried, suspended in 20 fi1 of loading buffer (38% densitometric scanning of background bands indicate that
formamide. 8 mM EDTA. 0.002% bromophenol blue, 0.002% protein concentration was 3.5-fold greater in the pSIV 102
xylene cyanol FF), and subjected to denaturing PAGE (5%. sample than in the pSIV BA sample. Additionally, densi-
polyacrylamide) with 50% urea. Gels were dried and ex- tometric analysis indicates that the intensity of the p27 gag
posed to Kodak XAR-5 film for 3 days at -90'C. Ten percent band was 1.5-fold greater in the pSIV 102 lane than in the
of the cells were saved for CAT activity analysis. pSIV BA lane. Therefore, in this experiment, there was a

Nuclear run-on assays. Nuclear run-on assays were per- 2.3-fold suppression of p27 with clone pSIV 102 compared
formed as described (24) with the exception that 1.0-vLg with that for pSIV BA. As expected, NEF protein was
samples of plasmids pL33M, pSV2gpt, and pSIV 102 were identified only in cells transfected with clone pSIV 102 (Fig.V used as the cold DNA targets immobilized on the nitrocel- 3, lane 2). The apparent molecular mass of NEF protein,
lulose filters. calculated by using the size markers indicated, was 29.5

Dactinomycin analysis. COS cells (70% confluent) in 75-cm kDa. which agrees well with the predicted molecular mass of
flasks were transfected with 12 pLg of either pSIV 102 or 29 kDa.
pSIV BA. At 24 h posttransfection, cells were trypsinized NEF downregulates SIV replication in COS cells. To assess
and the pSIV 102 and pS1V BA flasks were separately the role of nef on the replication of SIV. COS cells were
pooled and seeded onto 150-mm plates. At 24 h after transfected with proviral clones pSIV 102 and pSIV BA.
reseeding, media was replaced with DME-S containing 5 [Lg Supernatants from transfected cells were solubilized and
ofdactinomycin (Sigma) per ml, and cells were harvested for screened for viral antigens by using a p2 7 SIV ELISA kit
RNA at 0, 12, 24, 36. and 48 h posttransfection. Isolated (Fig. 4A) or a p24 HIV ELISA kit (Fig. 4B). In seven
RNA was subjected to Northern blot analysis and probed independent experiments with different DNA preparations
with hexamer primer-labeled fragments derived from the and cell stocks, the clone lacking ntfpSIV BA. consistently
3.5-kb Sacl fragment or to labeled actin sequences. afforded two- to sixfold-higher levels of virus particles in the

CAT assays. The pSV2CAT expression vector and the supernatant compared with those in pSIV 102. Transfection
assay protocol were described previously (10). efficiency was measured by cotransfecting with pSV2CAT

and measuring CAT activity in cellular protein extracts. This
RESII.T'S analysis indicated that the mean values of CATactivit. were6.R1E _ 3.TS 49' ± 3. and 4.71; _1 1.8,; for the

pSIV 102 and pSIV BA direct the synthesis of SIV proteins. pSV2gpt-, pSIV 1(12-, and pSIV BA-transfected cells,. re-
A functional SIV proviral clone .kith an intact ntef gene, spectivcly. These values represent the percentage conmer-
pSIV 102. was used to generate an otherwise isogenic tn'f sion toi acctylatcd products and werc in the linear range (tf
mutant, pSIV BA, by polymcrase chain reaction site-di- analysis.
rected mutagenesis (Fig. 2). The predicted length of the NEF decreases the level of SIX mRNA accumulation. lo
mutant NEF protein is truncated from 250 to 39 amino acids. assess the step in the virus life cycle that was do\% nreguilated
Proviral clones pSIV 102 ;rnd pSIV BA and negative control by NlI-l. Northern blot analysis was performed. COS cell',
plasmid pSV2gpt were transtected into C(OS cells, which were tranlketc(d with pSIV 11(2 or pSI\ 13A. al 72 ht
were then metabolically labeled with I"S Imethionine and posttranstection, cells were harvested, and total cellular
["S icysteine and immunoprecipitated with antiserum from RNA was prepared anld subjccted to Northern blot analsis
an infected macaque. The cells transfected with the proviral (Fig. 5). I htc I',el of SIV 9.I-kb tnRNA was on the aerage
clones demonstrate the presence of precursor and processed 4.5-fold greater from the cells transfecled \w ilh clone pSIV
gag proteins, whereas the cells transfected with the negati\c BA than from cells trantsfccted with pSI V 102. Similarl'\. the
control do not (Fig. 3), Eqtal volumes of cell lysate were level of the SIV 4.5-kb single-spliced tcm- mRNA .- was three-
applied to the gel; however. Bradford protein analysis and told higher in the absence ol NFl- protein with pSIV BA
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FIG. 4. NEF downregulates SIV replication in transfected COS cells. In seven independent experiments, 10 ikg of either pSV2gpI, pSIV
102, or pSIV BA was transiently transfected into COS cells. An aliquot of the overlying medium was removed at the indicated times after
transfection and assessed for solubilized p271'- core protein with (A) a Coulter SIY p27 ELISA kit or (B) an Abbott p24 -IV ELISA kit. (A)
Averages of four experiments with error bar% indicating 1 standard deviation from the mean. (B) Three different experiments. Transfection
efficiency was monitored by cotransfecting pSV2CAT and measuring CAT activity- however, this parameter did not vary by more than 10"',
in any given experiment. For panel A, 1 optical density unit is approximately equal to an antigen concentration of 15 ng/ml. Symbols: U.
pSV2gpt; 0. pSIV 102; 0, pSIV BA.

than in the presence of NEF with pSIV 102 based on
densitometry analysis of the bands. All three major viral
RNA species were detected, and the presence or absence of

SlY probe " 7NEF protein did not appear to alter their relative abundance.
- The probe used in this analysis, derived from the 3.5-kb Sacl

Q. 0. Q. 0. Q Q fragment, hybridized weakly to the 2.0-kb double-spliced
mRNAs. Hybridization of the same RNA samples to actin

91111111,- -9.0kb sequences was used to correct for differences in RNA
extraction and concentration determinations. Transfection

-4.5kb efficiency was assessed by cotransfecting the cells with
pSV2CAT and was similar in all samples (Fig. 5). This

2.0 kb analysis was repeated twice with comparable results.
SI nuclease protection assays provided further evidenceRelative

Intensity 0.72 1.26 1.87 6.81 -9.0kbmfrNA that SIV mRNA accumulation is depressed in cells trans-0.81 0.60 1.11 2.50 -4.5 kb mRNA fected with the NEF-expressing proviral clone (Fig. 6). Total
I cellular RNA from transfected cells was hybridized with

end-labeled DNA probes extending from nt 95 to 1494 (Fig.
6A) or nt 369 to 959 (Fig. 6B), where the RNA initiation

Actinprobe -2.0kb (CAP) site is at nucleotide position 507. In addition to the
SIV probe in Fig. 6B. an end-labeled DNA probe for t'o

Relative 4.66 3.96 mRNA was also added to the hybridization reactions (Fig.
Intensity 6C(). The mRNAs presented in Fig. 6C were isolated from
CAT activity 80 76 82 cells cotransfected with 5 p.g of the neo expression vector

(% acetylated) pCB6. With the longer SIV probe, in experiments I and 2.
FIG. 5. SIV NEF decreases viral mRNA accumulation. C('S respectively, there were 6.6- and 4.7-fold increases in the

cells were transfected with 10t Rg of either pSV2gpt. pSIV 102. or level of the protected. correctly initiated viral RNA from
pSIV BA and cotransfected with clone pSV2CAT to control for cells transfected with clone pSIV BA compared with that
tran,fection efficiency. Total cellular RNA was isolated 3 dayr after from cells transfected with pSIV 102 (Fig. 6OA. There was
transfectiv, from 90¼; of the cells and subjected to Northern blot also it significant increase in the level of a spliced RN.A
analysis. Protein extracts "ere prepared front the remaining 10"; of species, recently described by Viglianti and co\morkers (29).
the cells for CAT analysis. Hybridization was performed with in cells fransfecred with pSIV BA compared \with that in cell"
he xamer-primcd probes generated tion the 3.5-kb Saut fragment transfectcd wk ith pSIV 102. Wilh lithe shorter probe. there was
from clone pSIV 102. In this exsperiment. duplicate transfections 4 4 fold increase in ''' RNA f lie expected si/c
were performed. RNAs from experiments I and 2 were combFned a .4- protected 0 h
equally, subjected to Northern blot analysis, and hybridized to actin from the cells transfected with pSIV BA compared with that
sequences that demonstrated that similar amounts of RNA were in cells Iransfected with pSIV 10(2 (Fig. 611. There ksas also 0
applied to the gel. CAT activities were similar within the linear range an increase in protected spliced RNA kkith proviral clone
of analysis. pSIV HA compaircd s ith that with pSIV 102. \kith the
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FIG. 6. SIV NEF decreases steady-state levels of SIV mRNA and does no.t affect the transcription start position. COS cells were
transfected with proviral clones pStV 102 and pSlV BA. and total cellular RNA was isolated 72 h later. RNA was annealed to either the
B~si361 (nt 94)-to-A vul (nt 1494) fragment (A) or the 590-nt StuI fragment (B). RNA was annealed to the 590-nt Sail1 probe and the 655-nt
Ai'olt-to-Pvull neo probe in panel C. Samples "ere then digested with Si nuclease. and the protected. labeled DNA fragments were separated
on denaturing PAGE t5ýl polyacrylamide). Symbols: E2 , length of the probe: Lýi. region of protection: *. labeled sites.. The numbers next
to the empty boxes indicate the lengths oif the protected fragments of the unspliced and spliced transcripts (29~). The arrow over the striped
box at .-! 507 indicates the RNA CAP site. Panel A represents two independent experiments (1 and 2). panel B represents, a third experiment.
and panel C represents two additional independent experiments. Transfection efficiency, measured by cotransfecting pSV2CAT and assaying
CAT activity (percent acetylation). was determined for all transfectiuns. In part A. the mean CAl activity was I.Mr -- 0.4'ý, and 1.9' .w ý
in part B, the activity was 3.91/ and 3.4%4: and in part C. the mean activity was 70%~ ± 61Z, and 69'ý -- 01' for pSlV 102- and pSIV
BA-transfected cells, respectively In addition, the intensity of the protected flu, probe (hand indicated by arrow on right) w~as determined.
and the value was used to adjust the relative concentration of viral mRNAs from trarnsfected cells.

shorter SIV probe in the experiment-, presented in Fig. 6C. tion determinations were similar in all RNA prepa rat ions.
there was a mean 2.3-fold decrease in the tinspliced mnRNA The increased level of' full-length protected probe in the
from pSIV 102 compared with that in mRNA fromn pSIV 13A lanes ss ith RNA from) pSIV 13A-transfected cells compared
and a 2.1-fold decrease in the spliced niRNA species. with those from the pSV2gpt- or pSIV 102-transfected cells
Hybridization to the ,no probe demonstrated similar trans- in Fig. 6 may represent effects on an aberrandtv initiated
fection and RNA extraction efficiencies and was used ito transcript.
calculate the ratio of SIV to ,to mRNAs fromn pSIV 1(12- and NEF suppresses the rate of SIV rn1RNA transcription. To
PSJV 13A-transfected cells. Transfection efficiency. inca- determine whether the effects, of' NEI: protein on mRNA
sured by cotransfectioti of pSV2CAT. wats similar in all aeccumulat ion cotild he accountted for at the level of' RN A
transfections. In the experiments shown in Ftg. 6A, B3. and synthesis, nuclear rutn-on assays wkere performed. COS cells
C, the mean CAT activities were 3.0 and 3.9'4 *. 3.9 and 3.4'1r. were tratisfected. nuclei were isolated, and pretnitiated

* and 70 and 6W" for pSIV 102 and pSIV B.A. respectively. nmRNA transscripts wretc labeled in vitro v. itis lo- (rP1-11lP.
Hybridization of the RNAs to actin sequtences was pe'r- TIheraitio of hvbridiizatioltiof labeledI RNIAsto SIV sequtences
tortned to confirm that extraction elliciencN and conccntra- to that of' A/ed seqtuence,, was toloold higher w oth niuclei
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FIG. 7. SlY NEF decreases the rate of viral RNA synthesis. Nuclear run-on assays were performed with [ca--'P1JUTP tspecific activity,
3,(X)0 Ci/mmol) to label nuclei isolated from COS cells transfected with 10 ýtg of pSV2gpt, pSIV 102, or pSIV BA. The nascent, labeled
transcripts were hybridized to SlY sequences (pSIV 102). Abil repetitive sequences (pL33M), or gptr sequences (pSV2gpt) to control for the
efficiency of labeling, RNA yield, and transfection efficiency. Hybridization intensity was measured by densitometry and is expressed as the
ratio of hybridization to SlY sequences to that to Alul (A) or gpt (B) sequences.

isolated from pSIV BA-transfected cells than with nuclei this experiment than in the Northern blot in Fig. 5 may be

from pSIV 102-transfected cells (Fig. 7A). The ratio of due to the fact that these mRNAs were harvested at 48 h
hybridization of labeled transcripts to StY sequences to that rather than 72 h postitransfection. Furthermore- the cells in
of xanthine-guanine phosphoribosyl transferase (gpt) se- this experiment were scraped at 24 h posttransfection and
quences was threefold greater with nuclei from pSIV BA replated. It is also possible that the RNA blotting process
transfected cells than with nuclei from pSIV 102-transfected was less efficient in this experiment than in the experiment of
cells (Fig. 7B). Hybridization to Alul sequences corrects for Fig. 5 in that the larger unspliced species failed to transfer as
labeling efficiency, RNA extraction, and concentration of well. This experiment was repeated with comparable results.
RNA used for hybridization. Hybridization to gpt sequences

corrects for transfection efficiency, since proviral clones DISCUSSIONpSIV 102, pSIV BA, and pSV2gpt express gpt mRNA at tie

same level. This experimient was repeated twice %&ith similar Conservation of the lief'gene in both simian and human
results. immunosuppressive viruses suggests that the gene plays ant

NEF does not destabilize SlY mRNA. To assess whether important role in the biology of these lentiviruses. To define
NEF-induced RNA degradation contributes to decreased this role, a hybrpositive Son proviral clone (pSIV 102) and i
steady-state level of mRNAse viral mRNA stability wNcs a runo/-negative clone (pSIV BA) were compared. The i fgene
measured. COS cells transfected with pSIV 102 or pSIV BA product was found to suppress the rate of transcription and
werc treated with the RNA synthesis inhibitor dactinomy cin level of viral RNAs.
and harvested 0. 12, 24, 36, and 48 h later, RNAs Were The initia comparison of the ntefpositive and -negative
subjected to Northern blot analysise which revealed a rela- proviral clones involved trthn bhem into COS cells
firely intense signal nfor the 4.5-kb sing.)-spliced crv van- and assaying the overlying Culture medium for thc SlY p27
script compared with that of the 9.0-kb unspliced transcript core protein. The level of p27 in ute media oft cells trans-
(Fixt. 8)i ther-unre, RNA measurements were performed on fe- ted with proviral clone pSV 1pAt 2 as two- to sifc fold
the w transcript. Thee re with ent difference in the higher t isal ossbe transftcted with clone pSIV 1s2
kinetics of RNA degradation in the presence (pSIV 102) or -Fig. 4). This result is consistent with the role of NEF its of

absence (pSlV BA) of an intact netfgene. Cells transfected negative factor with respect to virus replication.
with either clone displayed an RNA half-life of approxi- Wecfound previously that the HIV-I nel'genc product did
matcely 9 h. Hybridization of RNA It actin sequencects for not a5inctt the infectivitr of' virpi paeticles (t4). Tias ia,
used to correct for RNA extraction ,lficiency and concen- consistent \ith the dar t in the currwni study indicatinbe thrs t
tration sdetermina ztions. lHybridization to c-gyz- sequences SlY NEF suppressed virus replication in cells that \,erc
indicated that dactinomycin treatment of cells was effective unable to se infected by virus particles generated during
in halting RNA synthesis (data not shown). The observation transfections. Thus. the steps involved with the nirst humfaon
that the single-spliced mRNA spcies wias more intenss in the vimporta life i e, i.e.o virus binding, uptake. uncoading.
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pSIV 1 12 pSV-SA Time after Actino-
b12 24 36 48 F12 24L36 ý48 mycin Addition (hrs) THF1 I E onrg aesvrlmN ees

SIV Probe -9.0 kb Prvra rnRNA Nppression CA ct
EXfPIVcoe atio',tt Analysis

Evt SV loe SIV Actin neo it

_ 4.5 kb 1 102 2.7 0.9 1.8 8.9 64 Slot blot

B3A 2.1 1.4 6.1 74
102 1.3 2.3 7.2 77

Actin Probe -wwow 2.0kb BA 2.5 1.8 9.1 63

2 102 1.9 2.1 1.1 7.2 44 Slot blot
13A 2.9 1.3 9.7 501

100,- 102 2.4 1.5 12 49
BA 2.6 0.7 8.8 50

C0- -o pSIV-102 102 2.2 1.8 7.7 39
BA 1.9 0.7 7.3 50

< 7-pV-A3 102 2.6 1.8 2.7 N D" NI) Slot blot
ZBA 3.6 2.8 ND NI)

E 102 3.0 1.6 ND) ND
S50- BA 8.8 1.4 ND ND

4 10)2 1.7 1.4 5.3 NI) NI) Slot blot
BA 2.3 4.8 NI) NI)

U 25-
5 12 4.0 0.8 4.7 ND 76 Northern

BA 1.5 4.0 ND 82
102 0.9 4.7 ND 76
BA 4.7 4.0 ND 82

0 10 20 30 40 50 6 11)2 5.8 1.4 5.1 ND 3.4 S1 nuclease
Time after Actinomycin Addition (hrs) BA 6.2 3.9 ND 3.2

FIG. 8. SIV NEF does not destabilize SIV mRNAs. COS cells 102 1.10 4.2 ND 2.5.(in eight 75-mmi flasks) were transfected with either clone pSlV 102 BA 6.3 4.7 ND 4.6
or pStV BA. At 24 It after transfection, thie COS cells were 10)2 0.6 5.1 ND 3.9
harvested and pooled with similarly transfected cells and replated BA 3.0 3.9 ND 3.4
onto 150-mm plates. At 24 h after replating. the cells were incubated
with dactinomycin for 0 to 48 h. At the indicated times, total cellular 7 1(12 3.5 3.5 5.0 Ni) ND Northern
RNA was isolated and subjected to Northern blot analysis. The blot BA 7.1 2.9 N D ND
was first hybridized with the SIV probe as in the experiment shown
in Fig. 4, exposed to film, stripped of RNA, and rehybridized to an 8 1(12 1.9 2.4 6.7 NI) N D Northern
actin probe as a control for the amount of RNA loaded on the gel. In BA 2.2 3.3 NI) ND
this analysis, the stability of the 4.5-kb entv mRNA was measured
because it was the predominant species. At each time point, the 9 1(02 2.7 1.0 0.9' NI) ND Run-on
calculated amount of SIV mRNA was determined by densitometry 13A 2.9 1 .0' NI) NI)
and the level of em, mRNA was adjusted to the amount of actin
mRNA. 101 1(02 2.6 1.5 1.4' ND NI) Run-on1

BA 2.0 0. 7' NI) NI)

Thi s table sumit mrnaIi/eN the data from 1(1 separate experinments and i nclIudes
reverse transcription, and integration, are not the primary 17 dillerent matched rairs of de nsitomet ry %cans of SIV, actin. or rwo toR NA,

target for NEF-mediated suppression. Instead, we found (evipressed as relitise ajreas under each curve) from pSIV 1012-and PSlV
ItA-trainsfected COS MIlN. In all eases. COS cells were transfected with 10 tvg

that NEF was active during the second half of the virus life tit proviral t)NA per IMt-nir Plates. These data Include rnRNAs that %%ere
cycle, i.e.. during transcription. RNA processing and trans- analvied hv l~ot biltotad Northern blot hybridization. SI nuclease protection

location, and translation. Northern blot analysis with RNA assays, and nucler itin-on assays. We calculated the level of viral mRNA

extracted from COS cells transfected with the proiviral siippressiiit for cactiof tile 17 tintched Pairs of pSIV 102 and pSI%' BA 'aflie,
tin order titf the ponsii-~fom the top of the table dossnwvard We fouitii thati the

clones showed that the steady-state levels of viral RN As utean stippression tif NIA: ontt iral niRNA levels was 32-fold l-fod
were three- to fourfold lower in the ,tielpositive clone than in w heier 1.6i repi~eseINtit le stanidard des iation In addiition, t he 9s, confidence
the nef- negative clone (Fig. 5). Similar results were found intIel valsI (2.4 attdIL 4 0) Ind I cate that thle meani of' 17 random mnatIched pair 'S"IlIl

withanalsesof ctopasmi or uclar R~s datanot lie bet ssccii 2 
4

-1i nd ý4 ((-hold, 95¼ oh;, the nt re
withanalsesof ctopasmior uclar R~s datanot As erage rat ,i Ithe SIV Lie nsitiimet rv values of PSI\ BAIt div ided b\

shown). S1 nuclease protection analysis demonstrated a ithose of p515: 11) multiplied b', Hit. ratio of actin densitomnetiv saides .if PSI\'
fotur- to sixfold suppression of correctly initiated viral 1012 divided bv those oft psIV IIA\-trainshected cells.

mRNAs in the cell~s transfected with the neif-positive clone CA IA activi\ itvtieasured as perceiti cetinesilin to acetylated products) iif

relative to that in the cells transfected with the net'negatlive itpSV2(*AI pla~.iiid that "ai cotriNshected siili lie SIV ptoiriivr clones,

clon (Fi. 6) . NI). Not done
co e ( i .6 .Iii the nuiclet Io ,itttti is . hs lriuhi'.tiu'i to Abd, cLqkientce ler d as, .i

Acollection of' 17 independent comparisons from 101 control fir sita RNA- concetitralion Litleini inatii'ts oitisdteitf actin 'c-

different experiments of viral mRNAs from pSlV 1(02- and quences.

WpSlV BA-transfected cells is presented in Table 1. The mean
soppression of viral ntRNA mediated by NF \I as 3.2-fold±
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1.6-fold, where 1.6 is the standard deviation. Ninety-live human T lymphocytes (11). Thus, NFlF may act as a signal
percent confidence intervals indicate that the mean suppres- transducer to either facilitate the binding of negative cellular
sion in any 17 matched pairs of viral mRNAs from pSIV 102- factors or inhibit the binding of positive cellular factors of'
and pSIV BA-transfected cells is intermediate between 2.4- transcription.
and 4.0-fold. We have begun to examine the replication of SIV NEI-

The observation that steady-state viral mRNA levels were and SIV NEF viruses in rhesus macaque primary lympho-
decreased in the presence of nef suggests that m'f either cytes; preliminary results indicate downregulatory effects
suppresses the rate of RNA synthesis or enhances the rate of exerted by NEF early after infection, which is consistent
RNA degradation. Therefore, nuclear run-on and dactino- with the data presented in this manuscript. However. the
mycin stability studies were performed. Nuclear run-on role of NEF in vivo has yet to be examined. It is possible
analysis of COS cells transfected with either pSIV 102 or that NEF may be contributing significantly to the establish-
pSIV BA indicated that the rate of RNA synthesis was ment and maintenance of viral latency exhibited by infected
suppressed two- to threefold in the nef-positive clone rela- humans and macaques. However, downregulation of viral
tive to that in the nef-negative clone (Fig. 7). This level of expression may actually contribute to disease progression in
transcriptional suppression could account for the differences that NEF may be required for persistent infection. "lhat is. if
in the steady-state level of viral mRNA in the presence or nefrnegative viruses replicate unchecked, heavily infected
absence of NEF in that differences in the magnitude of cells may die and a swift, immune response may clear
suppression could reflect differences in experimental ap- circulating virus. However. cells infected with nefmpositive
proaches. Analysis of viral RNA levels after dactinomycin viruses may persist because virus replication is suppressed
treatment indicated that NEF did not significantly alter the and thereby provide a virus reservoir. It should be noted that
rate of degradation of viral mRNA (Fig. 8). the subtle effects of NEF or transcription were determined

We conclude from these experiments that SIV NEF in cell culture and that the ability of NEF to downregulate
suppresses virus replicatiuu in COS cells and that this virus expression in living organisms may be more substan-
suppression occurs at the level of viral mRNA synthesis. tial. Studies of macaques infected with SIV ne'ipositive and
This study of SlV NEF parallels our previous analysis of the nefnegative viruses will be crucial for determining the
HIV-1 nef gene product (24) and the results of other inves- physiologic role of NEF in virus expression and disease
tigators (1). However, others have not demonstrated a progression (23).
suppressive role for HIV-1 NEFon virus replication (15, 19).
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ABSTRACT Profound differences exist in the replicative derived from brain and lung. tissues in which HIV-1 infection
capacities of various human immunodeficiency virus I isolates of macrophages predominates (1. 5-7). In the present study,
in primary human monocytes. Tb investigate the molecular we sought to determine the molecular basis for HIV-1 infec-
basis for these differences, recombinant full-length clones were tion and replication in primary monocytes by constructing
constructed by reciprocal DNA fragment exchange between a chimeric full-length proviral clones from a molecular clone
molecular clone derived from a monocyte-tropic isolate (ADA) derived from a monocyte-replicative isolate (ADA) and two
and portions of two full-length clones incapable of infection or monocyte-nonreplicative functional clones (NL4-3 and
replication in primary monocyte cultures (HXB2 and NL4-3). HXB2) (8-10). Our results indicate that a discrete portion of
Virions derived from proviral clones that contained ADA the HIV-1 surface envelope glycopiotein (gp120) confers the
sequences encoding vpu and the N and C termini of the surface capacity for productive infection of primary monocytes.
envelope glycoprotein (gp120) were incapable of replication in
monocytes. However, a 283-base-pair ADA sequence encoding MATERIALS AND METHODS
amino acids 240-333 of the mature gpl20 protein coiferred the
capacity for high-level virus replication in primary monocytes. Cells. COS-7 cells were obtained from the American Type
The predicted amino acid sequence of this ADA clone differed Culture Collection and maintained as monolayer cultures in
from NIA-3 and i-iXB2 at 22 of 94 residues in this portion .. Duibecco's modified Eagle's medium (DMEM) supple-. gpl20, which includets the entire third variable domain. Only mented with 10% heat-inactivated (56'C: 30 min) fetal calf
2 of 11 residues implicated in CD4 binding are located in this serum (Hazelton Biologics, Denver, PA) and 1 mM sodium
region of gpl20 and are identical in HXB2, NL4-3, and ADA. pyruvate. PBMCs were purified from normal human leuko-
Alignment of the ADA sequence with published amino acid cytes (American Red Cross) by centrifugation onto Ficoll.
sequences of three additional monocyte-replicative and three After 3 days of stimulation with phytohemagglutinin (15
monocyte-nonreplicative clones indicates 6 discrete residues kg/ml; Sigma), PBMCs were maintained in RPMI 1640
with potential involvement in conferring productive human medium supplemented with 10% heat-inactivated fetal calf
immunodeficiency virus I infection of primary monocytes. serum, 4 mM glutamine, and recombinant interleukin 2 (50

units/ml; Cetus). Primary monocytes were isolated by coun-
Cells of monocyte-macrophage lineage present targets for tercurrent centrifugal elutriation of mononuclear leukocyte-
infection by the human immunodeficiency virus 1 IHIV-1) in rich cell preparations obtained from normal donors by leu-
widely diverse tissues in vivo, including brain, spinal cord. kapheresis (11). Cell suspensions were routinely >95%
lung, lymph node, and skin (1). These observations are based monocytes by the criteria of size (by Coulter analysis) and
on extensive documentation by several different investiga- nonspecific esterase staining. Elutriated monocytes were
tors utilizing electron microscopy, in situ RNA hybridization, cultured as adherent cell monolayers at a density of 200,000
and immutnohistochemistry. The potential importance of cells per well in 24-well plates in AIM-V medium (GIBCO)
macrophage infection in AIDS is underscored by the central supplemented with 10'/e heat-inactivated normal human se-
role of infected macrophages in the pathogencsis of other rum (PeI-Freeze Biologicals), 4 mM glutamine. and recoim-
lentivirus infections, such as visna maedi and equine infec- binant monocytc-colony-stimulating factor 11000 units/ml:
tious anemia virus, in which the macrophage serves as a Cetus).
reservoir of virus throughouit t1h course of subclinical infec- Molecular Cloning and Recombinant Provirus Construc-
tion and disease (2). tion. The isolation and functional characterization of the

Despite these observations, however, profound differ- full-length HIV 1 proviral clones HXB2 and NL4-3 have been
ences exist in the abilities( of carious HIV-1 isýolates to infect described (9. 10). The tIlV-1 isolate ADA ssas obtained by
and replicate ir primary monocytcs cultured in vitro. Manm cocullivalion of PBMCs freshly obtained from a HIV-1-
primary isolate derived from per pheral blood, in which infected individual with uninfected primary monocytes as
CD4' T cells represent the predominant infected cell type. described 18). Hirt supernatant DNA (12) from an AIA-
have demonstrated a limited capacity for replication in mo.a- infected monocyte culture was digested with Sac 1. ligated

cytes. despite highly efficient replicatlon in peripheral blood into Sam I-cut i.ambda ZAP phage arms (Stratagenel. and
mononuclear cells (PBMCs: primarily lymphocytes) (-6). packaged (Gigapack Plus. Stratagenc to generate a phage. However, sever'd groups have reported productive infection
of both monocytes and PBMCs by usin-: primary isolates Abbreviations: ItlV-1. human inmuntiodeficiencv ' ir-us I: \V. third

variable domain of gpl2 11: P3MC(. peripheral blood mononuclear
cell ' RI, rteverse nt!nscrtptlise.
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library (13): 250,000 plaques were screened with a random 0 1 2 3 4 5 6 7 8 9 kb
hexamer-labeled Sac I/Sac I probe derived from HXB2 S I I I -- I I I I i
[nucleotides 5999-9571; according to Myers et al. (14)]. Sac-I Sac I
Phage from a single positive plaque was isolated, from which W
phagemid was excised and demonstrated to contain a 3.6-
kilobase (kb) insert by restriction enzyme mapping. To G F ENV

facilitate the construction of full-length recombinant clones 3 POL VPU
containing ADA-derived sequences, the 3.6-kb Sac I/Sac I -
clone was subcloned in the proper orientation into a pSVL- VPR REV---.-
based vector (Pharmacia) containing Sal I/Sac I (nucleotides RU5 R U5
5785-5999) and Sac l/Xba I (nucleotide 9571-3' polylinker) RU5_ RU5

adaptor sequences from the clone HXB2gpt2. The ADA Sc S1ac
clone was then subdivided by reciprocal fragment exchanges Sac
between the chimeric subclone and a similar subclone con- FIG. 1. Structure of the ADA molecular clone. The 3569-bp ADA
taining the entire HXB2gpt2-derived Sal I/Xba I sequence. molecular clone (shaded box) is aligrned with the open reading frames
The resultant recombinant subclones were then used to and long terminal repeats of the HIV-1 genome above (open boxes).
generate recombinant full-length clones by exchange of Sal
I/BamHI fragments (nucleotides 5785-8474) with clone replication in primary monocytes upon a recombinant con-
NL4-3. The structure of the clones was confirmed by restric- struct derived from the monocyte-nonreplicative clones
tion enzyme and nucleotide sequence analysis.§ NL4-3 and HXB2 (Fig. 2). The NLHXADA chimeras were

DNA Sequence Analysis. DNA sequencing was performed used to evaluate the ADA-encoded vpu and discrete fractions
by a modification of the dideoxynucleotide method using of the gpl20 portion of env, both separately and together, for
Sequenase 2.0 according to the manufacturer's protocols their potential roles in conferring the ability to replicate in
(United States Biochemical) and a panel of oligonucleotide monocytes. All the chimeric NLHXADA clones, as well as
primers spanning the 3' portion of the HIV-1 genome in both NL4-3 and HXB2, generated virions capable of high repli-
orientations (15). a (5785) (8474) = ADA

Virus Infection. Virus stocks were generated by transfec- L B = HXB2
tion of 50% confluent 10-cm COS-7 plates with 10 gg of = NL4-3
proviral DNA and 2 jg of pCV-1 (tat expression vector) (16) L=Sal I
by the calcium phosphate method (13) followed by dimethyl S=Sac I77 = K=Kpnl

sulfoxide shock (2-min wash with 10% dimethyl sulfoxide in \ `S K 1 G M B K=KpM I
L S K G p G M B3 G=BgI1DMEM 12 hr posttransfection) before refeeding with fresh (5765)(5999) (6346) (7040)(7323)(7620)(8053)(8474) M=Bsml

medium. Culture supernatants were harvested 36 hr post- e,,e1- B=BamHI
transfection, filtered (pore size, 0.2 Am), and titered by __tji- "" Peak
determination of reverse transcriptase (RT) activity (17). signal i V3 g RT Activitysinlpeptide V3 CD4 gp120/gp41l TAtvt
Viral inocula consisting of 50.000 cpm of RT activity in 1 ml cleavage loop binding cleavage PBMC's tes
were used to infect 200,000 primary monocytes 7 days after HXB2[ 18 0.1
plating or 500,000 PBMCs 4 days after plating. Virus repli- SM 19 33
cation was monitored by serial determinations of RT activity SK( 48 01
in culture supernatants. KM 17 18

KG 11 01

RESULTS GG I 48 30
GM 1 18 0 1

ADA Molecular Clone. A 3569-base-pair (bp) Sac I/Sac I GP I 17 25
molecular clone was isol:ocd from unintccrated DNA rro- PG 1 _ _ 12 0 2
pared front a monocyte cuhlure productivcl\ infected \k ith the
ADA isolate. The ADA clone spanned tile entire cnv. vp1, b 6.0. *NL HXADA-GP

and nofgenes, as well as portions of tat, rev, and the 3' long 5.0 NL4-3
terminal repeat (Fig. 1). DNA sequenke analysis of the clone RT EK HXB2

ACTIVITY 4.0 /9•
demonstrated 927 overall nucleotide homology with HXB2. (cpmIml

which is within the range expected for unrelated HIV-1 X 106) 3.0
isolates (14). Similarly, predicted amino acid homologies with
HXB2 ranged from 805/ to 93% in the encoded open reading 2.0

frames (data not shown). The regions within env of greatest 1 0

amino acid homology and divergence between the two clones f- ->,,
corresponded to previously identified conserved and variable 0 5 d0 y 5 20 25

TIME (days post infection)
domains, respectively (data not shown) (18). Each of the
ADA-encoded open reading frames was intact and full length. Fmc. 2. Replication of NI.HXAI)A recombinant clones in
in contrast to HXB2. in which vpu lacks an initiator methic- PBMCs and primary monocytes. GaO A panel of recombinant clones
nine codon and net is truncated at 123 amino acids (19). generated bý exchange of restriction fragments between the ADA.
Furthermore, the ADA-encoded tat second exon extended an ItXI2, and NL4-3 clones is represented diagrammatically on the left.
additional 14 amino acid,, beyond the termination codon The 2.7-kb Sal I/itaih ll fragment of each clone has been expanded
observed in tXl32. to demonstrate the relative positions of Al)A-derived sequences and

Mapping the Monocvte Tropism l)eterminunt. A panel of HXl12-derived sequences with respect to the open reading frames
chimeric full-length clones wvas constructed to assess the and restriction enzyme sites shown above. Peak Ri activitieschimetyofvaric us full-uenges toconfethecap(x 10 c) generated t s virions derived from each clone in PBMCs
ability of various ADA sequences to confer the capacity for (days 12-18) and primary monocytes (days 18-24) are indicated on

the right. (hI "he replication kinetics of NL4-3, iX132. and NL.HX-
4The complete nucleotide sequence of the ADA clone from which the AD)A-GP in PBM(Cs (dashed lines) and primary monoctes (solid
amino acid sequence reported in this paper was derived has been lines) are sloa n Siril;ir resolts \ere obtained in two to tisc replicate
deposited in the ( er 13ank &jii h;b•e iaccession no. %160472 1 evper ientis.
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cation levels in PBMCs. In contrast, only a subset of N LHX- a molecular clone derived from a monocyte-repl;z:alive iso-
ADA clones, designated -SM. -KM, -GG, and -GP, generated late in our laboratory (JF-L) was included with the former. virus capable of replication levels detectable by RT assay in group, although no data on the functional properties of this
primary monocytes (typically 180- to 500-fold higher than clone yet exist (6) (Fig. 4). Based on the alignment, six amino
background). Each of these clones shared in common a acid residues were identified (ADA gp120 residues 242. 275,
283-bp Bgl II/PpuMl ADA-derived sequence. Virus from 283, 287, 302. and 313), which were different in every case
NLHXADA constructs lacking this element consistently between the monocyte-replicative and -nonreplicative clones
failed to generate RT levels detectable above background. and could potentially account for the observed phenotypic

The 283-bp ADA-derived element encodes amino acids difference. Of particular note was the presence of a tyrosine
240-333 of the mature ADA surface envelope glycoprotein residue at position 283 in each monocyte-replicative clone,
(Fig. 3). This portion of gp120 encompasses the entire third and the presence of an acidic residue at position 287 in each
variable domain of gpl20 (V3 loop) (20) but includes only 2 monocyte-replicative clone, in contrast to the monocyte-
of 11 amino acid residues previously demonstrated to par- nonreplicative clones, which each contained a basic residue
ticipate in or impact on binding to CD4 (21-24). The amino at this position.
acid sequence predicted by the Bgl II/PpuMl element differs
from those of HXB2 and NL4-3 at 22 of 94 positions. To DISCUSSION
identify amino acids potentially involved in controlling HIV-1
replication in monocytes. predicted amino acid sequences Through the use of chimeric HIV-1 molecular clones, we
from three monocyte-replicative clones (ADA, SF162, Yu2) have demonstrated a discrete region ofgpl20 to be critical for
and three monocyte-nonreplicative clones (HXB2, NL4-3, productive infection of primary monocytes. Our results are
SF2) were aligned (9, 19, 25. 26). In addition, the sequence of consistent with data obtained in other retroviral systems,

250 
C m x g a d

260 290

240

V V0 E 3 0NI

€ 200(

0 04 11 _T V. Vope OigosNccharld

hto~. 3. Diagram of the AI)A-encoded surface env•elope glycopro)tein. The primary, structure of the mature gp120 protein predicted by the
AI)A clone is shown superimpo,,ed on the secondary structure determination of the IIXH2 gp120 lmodifi,'d with pernlision (20): copyright The
American Society fo~r IBiochemisstry and Molecular Btiology 1994)J. Residues encoded by the ntonocyte tropism determinant (residues 240-333)
are represented as shaded circles; residues implicated in ('D4 binding are represented as, partially shaded circles: the remaining residues are
represented as open circles Resida;c' located wsithin '.ariahble domlains atre enclosed in h~ose, .Arrow s desigznate residu~es identified hs sequence
alignment seec b~ig 4) ats potentizillx involved in conferring the abhilitv to esdtablis•h productilVe infection of prinllIr" utiioc\ tes,.
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-----p--ge ------------------ V3 -------------
, 242 275 .283 287. ,302 o313 o

HXB32 RS NFTVNAKTIIVOLNTSVEINCTRPNNNTRKRI IORGPGRAF TIG IGNM ROAHCNISR KWNNTLKOIA KLREQFGNNKTIIFKQSSGG~
SF2 N E A S T IGDI K E V V N

NL4-3 0 S A

+ ADA-M N KE S T IGDI N K V N

? JF-L M K IA S L-- T IGDI L 0 V V
* YU-2 N E V S -- L T IGDI L K G E E K NP

+ SF162 KE $ I - AT Gl G V I OA V

FIG. 4. Amino acid alignment of proposed tropism determinants from monocyte-nonreplicalive and -replicative clones. The predicted amino
acid sequence of the monocyte tropism determinant from ADA is aligned with those of six additional clones. The clones SF162, Yu2, and JF-L
are grouped with ADA as capable of productively infecting monocytes. whereas the clones HXB2, NL4-3, and SF2 are grouped as incapable
of productive monocyte infection, based on the data in Fig. 2 (NL.4-3, HXB2, and ADA), on published data (SF2 and SF162; ref. 25). and on
our unpublished data (Yu2 and IF-L). Amino acid numbers shown correspond to those of the mature ADA gpl20 protein (HXB2 gp]20 residues
243-337). Dots mark the position of every 10th residue. Asparagine residues involved in N-linked glycosylation are underlined (20). Arrows
indicate residues shown to be necessary for CD4 binding. The V3 domain is also indicated. Positions at which all four monocyte-replicative clones
differ from residues encoded by the three monocyte-nonreplicative clones are highlighted by solid boxes.

including avian leukosis viruses, avian sarcoma viruses, and The V3 loop has received a great deal of attention in the
murine leukemia viruses, in which alterations in ent' have recent past. since it has been shown to contain the immuno-
been shown to be responsible for changes in host cell tropism dominant epitopes against which the majority oftype-specific
(27-30). More recently, it was reported that "the envelope neutralizing antibody responses in vivo are directed (37, 38).
region" of HIV-1 was responsible for conferring monocyte Furthermore, it has been suggested recently that during the
tropism (25). In that study, involving the monocyte- early stage of' HIV-l infection, a pioteolytic cleavage event
nonreplicative and -replicative clones SF2 and SF162. re- involving the V3 loop of gpl20 may be required after CD4
spectively, the capacity for replication in primary monocytes binding for normal fusion with the cell membrane and virion
was mapped to a 3.1-kb EcoRl/Xho I fragment, which was uptake to occur (39). This hypothesis is based on observa-
exchanged between clones. However, since that fragment tions that gp120 cleavage occurs during production of recom-
encoded not only env, but also tat, rev, vpu, and portions of binant envelope protein in vitro and that a protease inhibitor
vpr and nef, it was unclear which specific gene(s) was purified from mast cells (trypstatin), as well as V3 loop
involved in controlling replication in monocytes. Consistent peptides, inhibit both proteolytic cleavage and syncytia for-
with that study, our findings are important in that we clearly mation in infected CD4* T cells (39, 40). A requirement for
demonstrate the critical role of eni, in HIV-I infection of V3 loop cleavage by cell-surface protease(s) with limited
primary monocytes. Furthermore, we have fine-mapped the tissue distribution has been postulated further as a mecha-
envs determinant to a discrete 94-amino acid region of the nism for restricting the host cell tropism of the virus (39. 41).
surface envelope glycoprotein, which encompasses the entire According to such a model, with which our data would be
V3 loop but contains only two residues with previously consistent, monocytes may display on their surface prote-
demonstrated involvement in binding to CD4. Moreover, asets) that recognize only certain V3 loop sequences in
both of these residues are identical between ADA, HXB2. contrast to less discriminatory CD4' lymphocyte cell-surface
and NL4-3. proteases. Further fine mapping of the tropism determinant

The mapping of this determinant to an env region apart identified in this study, as well as determinations of relative
from the CD4 binding domain is intriguing on several counts. CD4 binding affinities for the ADA and HXB2 gpl20s. should
Previous studies have indicated that CD4 acts as the receptor provide additional insight into the potenti•.l significance of
for IIIV-I in primar\ monocytes a's %cll as T4 1 mphocytes CD4 binding affinity and V3 loop cleavage in the deterntina-
(31-34). CD4 expression on the surface of cultured mono- tion ofHIV-1 host cell tropism. Furthermore. our localization
cytes has been demonstrated by immunofluorescence and ofa monocyte infectivity determinant to a discrete portion of
Western blotting (34). Recombinant soluble CD4 and anti- env will facilitate future studies of antigenic drift within the
CD4 antibodies effectively block HIV-1 infection of primary determinant it, vivt. These studies should in turn provide
monocytes (33-35). However, it has been reported that lower valuable insights into the role of monocyte infectivity in the
CD4 binding affinities were associated with the abilities of natural history of HIV-1 infection with respect to phenomena
various HIV-1 isolates to infect primary monocytes and that such as latency. disease progression, and responses to '.ar-
higher concentrations of soluble CD4 were required to block ios antiviral therapies.
infection of both monocytes and T cells by those isolates (33. The roles of the , arious HIV-1 accessory genes. including
35, 36). These data have been interpreted as suggestive of tat, rev., vpr. vif. vpi. and ,i'f, are understood poorl, in the
"accessory- envelope interactions with elements on the context of monoccte infection, largely because molecular

monocyte cell surface in addition to those with CD4 (36). In clones capable of infection and replication in primary mono-
such a scenario, an attenuated CD4 affinity might reflect a cytes have onls iecently been described. In a recent study
diminished requirement for a strong envelope-CD4 interac- involving the HIV-2 (sbl/isy proviral clonc, which replicates
tion in the presence of putative accessory interaction(s), in both monocvtes and T cells, it was reported that vpr \was
Although it remains a possibilit, that residues %kithin the essential for replication in monocytes but not in lB ('s or a
94-amino acid element identified in this study may aflect ('1)4 ("D4 ' T-ccll line 142 ý. In contrast, a fr;imcshilt mutation in IN't
binding in an as yet unappreciated manner, our data suggest exerted no demonstrable effect on replication in monoc\ tc,.
that attenuation ofCD4 binding affinity may not play a direct The use of NI4-3 in the construction of the NLHXAT)A
role or represent an absolute requirement for HIV-1 infection clones described in this studx will facilitate an evaluation of
ofmonocytes. Our data remain consistent. however, with the the potential roles of both mpr and mlc. since, unlike HX il2.
notion of a monocyte infectivity determinant in env that both genes encode full-length proteins in N IA-3 (9). The fact
functions by mediating accessory non-CD4 interactions at the that HX l-2-deri[ cd scqucaces encode the vpt gene in the
cell sullitce. NLI tXAI )A clone, KN1. -((i. and (i1. all of which repli-
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ABSTRACT Covalent linkage of myristate (tetradec- fatty acid to Pr559"5 is required for HIV-1 replication: trans-
anoate; 14:0) to the NH 2-terminal glycine residue of the human fection of HeLa. COS. or Jurkat cells with a functional
immunodeficiency virus I (HIV-I) 55-kDa gag polyprotein provirus clone of HIV-1 containing a Gly-2 --+ Ala mutation
precursor (Pr559'9) is necessary for its proteolytic processing in Pr559'9 eliminates virus production (3, 4). The nonmyris-
and viral assembly. We have shown recently that several toylated mutant protein appears to undergo redistribution
analogs of myristate in which a methylene group is replaced by from the membrane to the cytosolic fraction (4). Blockade of
a single oxygen or sulfur atom are substrates for Saccharomyces myristoylation is also associated with a dramatic reduction in
cerevisiae and mammalian myristoyI-CoA:protein N-myris- the rate ofproteolytic processing of the polyprotein precursor
toyltransferase (EC 2.3.1.97; NMT) despite their reduced by viral protease (4).
hydrophobicity. Some inhibit HIV-I replication in acutely We have shown (5) that heteroatom-substituted analogs of
infected CD4+ H9 cells without accompanying cellular toxicity. myristate inhibit HIV-1 replication in acutely infected CD4"
To examine the mechanism of their antiviral effects, we per- H9 cells. In these analogs, a methylene group is replaced by
formed labeling studies with two analogs, 12-methoxydode- a single oxygen or sulfur atom. Such replacements produce. canoate (13-oxamyristate; 13-OxaMyr) and 5-octyloxypen- a reduction in hydrophobicity comparable to the loss of two
tanoate (6-oxamyristate; 6-OxaMyr), the former being much to four methylene groups without significant alterations in
more effective than the latter in blocking virus production. chain length or stereochemistry (6). Metabolic labeling stud-
[3HlMyristate and [3H]13-OxaMyr were incorporated into ies (7) using several cultured cell lines indicated that these
Pr55gag with comparable efficiency when it was coexpressed analogs enter mammalian cells and are substrates for acyl-
with S. cerevisiae NMT in Escherichia coli. [3Hl6-OxaMyr was CoA synthetase and myristoyl-CoA:protein N-myr.stoy,-
not incorporated, even though its substrate properties in vitro transferase (NMT). Analog incorporation is very selective:
were similar to those of 13-OxaMyr and myristate. [1H]l3- only a subset of cellular N-myristoylated proteins incorpo-
OxaMyr, but not [3H]6-OxaMyr, was also efficiently incorpo- rate a given analog, and a given protein may incorporate one
rated into HIV-I Pr559" and nef (negative factor) in chroni- but not another analog depending on the site of heteroatom
cally infected H9 cells. Analog incorporation produced a re- substitution (7). This probably reflects the cooperative inter-
distribution of Pr551" from membrane to cytosolic fractions actions that occur between the acyl-CoA and peptide binding
and markedly decreased its proteolytic processing by viral sites of NMT: itt vitro studies with purified Saccharomyces
protease. 13-OxaMyr and 3'-azido-3'-deoxythymidine (AZT) cerevisiae NMT indicate that binding of analog-CoA species
act synergistically to reduce virus production in acutely in- can produce changes in the catalytic effici,:ncies (Vm/Km) of
fected 119 cells. Unlike AZT, the analog is able to inhibit virus some but not all octapeptide substrates (6, 8). These studies
production (up to 70%) in chronically infected H9 cells. (7) also revealed that analog incorporation had very selective
Moreover, the inhibitory effect lasts 6-8 days. These results effects on protein largeting. Only a small subset of analog-
suggest that (i) its mechanism of action is distinct from that of substituted proteins underwent redistribution from the mem-
AZT and involves a late step in virus assembly; (ii) the analog brane to cvtosolic fractions. An even smaller subset of
may allow reduction in the dose of AZT required to affect viral proteins displayed analog-specific redistribution-i.e.. one
replication; and (iit combinations of analog and HIV-I pro- analog affected targeting while another analog, containing an
tease inhibitors may have synergistic effects on the processing oxygen-for-methylene substitution at a different position.
of Pr55M3'. produced no detectable change in protein compartmentali/a-

lion (7).
Myristic acid (14:0) is covalently linked via an amide bond to Exp:,wiing cellular NMT activity to deliver analogs of
the NH.-terminal glycine residues of several proteins en- myristatc )xith altered physicochemical properties provides
coded by the human immunodeficiency virus 1 (HIV-1) an opportunity to examine (itn vivo) structural features of the
genome-the 55-kl)a gag polyprotein precursor (Pr555"'). the acyl moiets that affects the functional properties of individual
180-kDa gag-pol fusion protein, and a 27-kDa protein termedO "negative factor" (net), whose precise role in regulating virus Abbreviations: HIV-I. human immunmodeficiencv virus 1: NMT.
replication remains uncertain (1. 2). Attachment of this rare tyristokl-(toA:prolein N-myristoyllransferase EC 2.3.1.971: AZT.

3 -azido- 3 '-dteoshymidir; 13-(0xaM yr, 13-oxamyristate (12-
rnclhoxylodecanoatcI: 6-()xaMyr. 6-oxamyristate (5-octyloxypen-
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N-myristoylated proteins. In this report, we used radiola- REKSULTIS
beled analogs to begin to dlefine the mechanism of their lkcteroatorn-Containiiig Analogs of Nli~ristate Ser'c as Al-
inhibitory effects on HIV-l assembly in acutely and chron- ternative Substrates for S. cerevisiae NIT - and Are linked to
ically infected lymphoid cell lines. The results are consistent the gag and nef Proteins of IIIV- I Expressed in E. co/i. H(IV- I
with the notion that these compounds function in a manner Pi-559`9 is efficiently N-mvristoylated A~he!n expressed in S.
that is distinct from 3'-azido-3'-deoxythymidine (AZT). rvxu(1).Tefoweiricmadthsbtre

properties of myristate wsith the oxygen-substituted analogs
MATERIALS AND METHODS in a coupled in vitro assay (6, that contained purified S.

Vectrs or xprssin o ga. ga-po. o ne inEscerihia crevi.kiae N MT(8) and a radiolabeled octapeptide (61lk-Ala-
Vectrs or xprssin o ga, ga-po, o ne inEscerihia Arg-[ 'I ]Ala-Ser- Val -LCU-Ser-N H,) representing res'idue'.

coli. pGG1 contains a functional clone of HIV-1 (HXB2gpt2 29o h eut [bei niae hts~e
in ref. 9). pGA1 was produced by mutagenesis of the codon converted to CoA thioesiers. the three fatty acids have quite
encoding Gly-2 in the gag gene of pGG1 to a codon-encoding similar kinetic properties.
alanine (4). Oligonucleotide-directed mutagenesis w~as used A second and more "physiologic- assalk for analog incor-
to introduce a new Nco I restriction site at the initiator poration involved the use of' a dual plasmid ekpression
methionine (ATG) codon contained in the 5.3-kilobase (kb) system (Fig. 1A) that allows us to recreate this eukarsotic
Sac I fragment of pGG1 or pGA1. pMGGI and pMGA1 are protein modification in E. co/i. a bacteriutm that contains no
gag expression vectors created by subcloning the Vc(o endlogenous NMT' activity (10. S5. ccrevixia,' NMT can be
I-EcoRi "stibfr-agments'' from each of the above plasmids efficienitly synthesized (-1 of total E. co/i proteins,) 'Alhen
into pMON5840 (10). pMGPG1 and pMCGPA1 are gag-pol its gene is placed tinder the control of the isopropyl 13-1)-
expression vectors with codons encoding GIy-2 and Ala-i. thiogalactoside-inducible Itac promoter in the plasmid
respectively. They were constructed by subcloning the Nco p1313131 (10). Moreover, the fatty acid and peptide substrate
I-Nco I fragments from pGG1 and pGA1 into pMON5840. specificities of E'. co/i-dlerived 5. cerevi.xiije NMT are indi'.-

The polymerase chain reaction was used to introduce tinguishable from tf-se of the authentic yeast enzyme (S. 10h.
simultaneously a new Nco I site at the initiator methionine A second plasmid containing the nalidixic acid-induicible
(ATG) codon and a unique I/indiII site 3' to the termination retA promoter can be used to direct production of a protein
codon of the nef gene, in p2/3MBNG1 (11) and in p2/ that is a known or potential substrate for the en/s tne.
3MBNA1 (which contains a Gly-2 -~ Ala mutation). The Sequential induction of each promoter (NMI first) alloy..
6_27-base-pair (bp) Nco 1-Hindlill fragment from each plasmid N-myristoylation to occur "in vivo- (10). When NMI and
was subcloned into pMON5840. yielding the nef expression either wild-type (Gly-2) gag-pol (pMGPG1I) or gag ýp(Gl)
vectors pMNGJ and pMNAI. respectively, sequences were coexpressed in E. co/i. a prominent radio-

Metabolic Labeling Studies in Human Lymphoid Cells, labeled 41-kDa band was recovered from J3Hlmyristate-
Uninfected CD4' H9 cells or those chronically producing labeled lysates by using anti-HIV-1 serum (Fig. lB. lanes 1
HIV-1 (H911IB,. ref. 9) were grown in RPM! 1640 medium and 3). Since synthesis of the I80-kDa gag-pol polyprotein in
containing 10% (vol/vol) fetal bovine serum, 100 units of eukaryotic cells occurs by an inefficient translational fram'
penicillin per ml, 100 j.~g of streptomycin per ml, and 2 mM shifting mechanism (15). we did not expect to find a labele
glutamine. Cells (107) were "starved" overnight in RPMI product of this size in E. co/i. How-ever, only trace quantities
1640/5% 0,1ipidated fetal bovine serum and then incubated of the intact I 3HlImyristate- labeled Pr55S'9 polypeptide were
for 8 hr with fresh medium supplemented with 1 mCi (1 Ci = noted after immunoprecipitation of E'. co/i lysates even
37 Gl~q) of j3 Hj1myristate or tritiated analog (final specific though this species could be easily detected in immunohlot'.
activity. 32 Ci/mmol) per ml and 5 mM pyruvate. Cells wAere (Western blots) of the same lysates (comnpare Fig. 1B I-ctr and
washed twice with phosphatc-buffered saline (PBS) at 4'C. Rig/ht). IPrevious studie', iii E'. co/i 06, i7) and 5_ ceretmaic
scraped into ice-cold PBS, pelleted by centrifugation at 250 (14) indicated that Pr559"9 undergoes proteolyitic processing
x g for 10 min, and lysed in radioimmunoprecipitation assay to a 41-kI~a form even in the aibsence of HIIV protease. I

buffer (4). For iminunoiblo' analyses, 50 Ag of reduced and The ['H Jniristate 41-1,I );1 I.0,hlcd h~ind %%,ii rnot pre'cn!t in

denatured lysate protein was separated by SDS/PAGfL (12) lysates prepared fromt )i sttitins pioduicing iN I and flhiii.ttil

and electroblotted onto nitrocellulose membranes. Virus- (Ala-2-containing) gag-pol I pMGPA it or gag (p(iJA pokv
specific proteins were identified by sequential incubation of peptides and (ii)i strains that contained p1113131 ind
the blot with (i) pooled sera of AIDS patients or a monospe- pMON5840. the expres~sion vector lacking HIV-1 sequences,
cific rabbit polyclonal anti-nef serum: (ii) biotin-conijugated trig. 11/. lanes 2. 6, and 9). Wes~tern blot analssis, revealed

goat anti-human (or anti-rabbit) IgG; (iii) avidin-conjugated Table t1. /it in'o charatcteriatio (iti Lollt acid analogs usici an
horseradish peroxidase (I-RP); and (iv) the HRP substrate oclapeptide i(;ARASV1 S Nil, .ci iened Ironi the \it. ternniinu
4-chloro- l-naphthol. of fIiv-1 PO'r.,ý

Chronic Virus Replication Assay. H9111B cells were dis- ___-.- ---- - -- - -.. --.

pensed at 2 x 10' cells per ml of RPM I 1640 medium into each Peplidc I11 iM "id
well of 48-well Culture plates. An equal Volume of serum-free tii &~A, ,, ,,A .1 1~..
RPM! 1640 medium with or without analog for AZT) l~as......... . ---

immediately added. After 48 hr. the cells were washed '%kith (~~t..1S tO 1
sýerum-free medium to remove residual virus, refed vv ith i) ()I 14 -S'J
complete medium with or without analog, and maintained in tiI 7  iitn(0)1 t tS 5 2
culture for an additional 48 hr. T he cell culture superniatant As in prcivou,i proi' I, w cv TC fr. '11C ';.crppieA

was sujbsequcntl\ collected. filtered through a (1.22-pim \il]- I,_ Aas. ir'!I tciwk irr" ' 1n ir 1"n mcr11I~.

lipore filter, and assayedi for reverse transcriptase actoivit anailog W A t I t K hk 4i, l, I , d ,,aIlen 1'icx,r~1c(

(13) (or p24 virus antigen (Dii Pont, ELISA. fli:sing the piopettc ý sihtrt' spciich .'t tXi iio Co vcii) d lerim - 0
'Toxicity Studies. Cell viability was measured at the end of p~iittlet "i..h iiri' stokt-( o. V;\ experinmenis "~cic pert'rnive) ih'cc

the treatment period in both acute (4) and chronic replication tinics rind (li ktit v..crc iizCd.t~ IDirclt nivcisulemiiviltsta ',It ( oN
assays by (i) metabolic labeling studies with ['I-11leucine or pi odiyt ion in I',ý y: in c\t-(oA sy nthctasv ((, I nkfitie lv hil
I 'Hlthvmidine (Of and (ii determination of the numiber of ("1 11 oti hOw 1c 1iiii,iicd l~ill% .1ii'. hIM smut11.1 stiihsi,1

viable cells based oin tv\ pan blue exclusion )S). 10liKc11u k 0I 111\ci~i I' if~iI' lhli,,clc ('0
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FIG. 1. Coexpression of S. cerevisiae NMT and HIV-1 gag, gag-pal, or nef in E. coli. Dual plasmid expression system. (B) Coexpression
of NMT and HIV gag, or gag-pol, in midlogarithmic phase E. coli metabolically labeled (9) with [3 H myristic acid (myr) or tritiated analog (ref.
7; final specific activity = 32 Ci/mmol; 100 .Ci/ml of culture). (B Left) Immunodetection of HIV gag in the E. coli lysates (50 ,ug of total protein)
after reduction, denaturation, and electrophoresis through 7.5-20% polyacrylamide gels. Anti-HIV-1 sera were used to probe the Western blot.
(B Right) Immunoprecipitation of the [3Hlmyristic acid- or tritiated analog-labeled HIV-1 gag protein with the same antiserum. (C) Coexpression
of NMT and HIV-1 nef in E. coli (50 jkg of total protein) labeled with [lHlmyristate or tritiated analog and detected by immunor,:ot (Left) or
immunoprecipitation (Right) v, th rabbit anti-nef sera. 06, 6-OxaMyr; 013, 13-OxaMyr; glO-L, bacteriophage T7 gene 10 leader.

that the steady-state levels of the 55- and 41-kDa wild-type chronically produce HIV-1. Labeling studies indicated that
and mutant gag polypeptides were identical in all E. co/i gag [3Hjmyristate-labeled gag proteins (55 and 41 kDa) are almost
transformants and that neither species was present in bacteria equally distributed between cytosolic (S 100) and membrane. containing pBB131 and pMON5840 (Fig. 1B Left). Control (P100) fractions prepared (4) from these cells (cytosolic/
experiments also established that strains containing wild- membrane ratio = 1; Fig. 2B). The p17 matrix antigen of
type gag or gag-pol recombinant plasmids alone or either of HIV-1 contains the NH 2-terminal myristoyl moiety and is
the plasmids with pMON5839 (pBB131 without the NMTJ cleaved by the virus-specific protease from Pr55La at the
insert) failed to incorporate [3H]myristate (data not shown), plasma membrane during virus assembly. Fig. 2B shows that

Parallel studies revealed that tritiated 12-methoxydodec- this [3H]myristate-labeled protein is almost exclusively as-
anoate [13-oxamyristate (13-OxaMyr)] was as efficiently in- sociated with the P100 fraction. The additional 27- and
corporated into the wild-type gag as myristate (compare lanes 25-kDa labeled bands seen in these lanes represent incorpo-
3 and 4 in Fig. 1B). Incorporation was blocked with the Gly-2 ration of myrist'te into nef species (these were immunopre-
- Ala mutation and required simultaneous expression of cipitated wtii, monospecific rabbit anti-nef serum) (Fig.
both NMT and gag (or gag-pol) (Fig. 1B, lanes 7 and 10). 2C). Detc tion ot two N-myristoylated forms of nef is not
Interestingly, tiitiated 5-octyloxypentanoate [6-oxamyristate surprising because the H9/IIB isolate is a mixture of at least
(6-OxaMyr)1 produced no detectable labeling of the wild-type three viral strains and produces several nef species including
gag proteins (r'g. 1B, lanes 5, 8, and 11). This finding, the intact 27-kDa protein as well as a species that is truncated
together with the in vitro data presented in Table I and the at the COOH terminus (refs. 9, 11, and 12 and our unpub-
fact that treatment with the radiolabeled analog had no effect lished observations).
on the steady-state leiels of the HIV-1 proteins in E. coli (as 13-OxaMyr was incorporated into the 27- and 25-kDa nef
determined by Western blots), suggested that the efficiency proteins but did not affect their predominant cytosolic dis-
of import of f[H]6-Ox,:Myr by the E. coli fatty acid trans- tribution (Fig. 2C). By contrast, 13-OxaMyr incorporation
porter (18) may be poor. Su,-equent ,,nalyses showed that into Pr55g"g was associated with a redistribution from the
after a 30-min incubation period, uptake of l1H]6-OxaMyr membrane tf ;he cytosolic fraction (cytosolic/membrane
into logarithmically growing E. coli strain JMIO1 is 1/10th ratio = 3: Fig. 2B). Moreover, there was a marked reduction
that of ['Hl13-OxaMyr, allowing us to postulate that the in the intensity of labeling of p17 (compare the mvristate- and
position of heteroatom substitution may effect interactions 13-OxaMyr-labeled pellet fractions in Fig. 2B). suggesting
with this !iner membrane-associated protein (18). that the analog inhibited proteolytic processing of Pr559"".

Similar labeling patterns were seen with nef (Fig. IC). Incubation of H9/IIIB cells with [3H]6-OxaMyr for 8 hr
Myristate and 13-OxaMyr were incorporated into this protein result,:d in very poor labeling of nef (Fig. 2C) and virtually
with comparable efficiency (compare lanes I ar-" 3 in Fig. 1C undetectable labeling of the gag proteins (Fig. 2Pt.
Right). Even though the wild-type (Gly-2)an' ,tant(Ala-2) To examine the specificity of the analog's effect on pro-
nef proteins achieved comparable steady-state ivels (Fig. IC teolytic processing, we incubated H9/IIIB cells for 48 hr with

S Left), only the Gly-2-containing species was labeled (Fig. 1C 40 gM 13-OxaMyr. 40 tLM decanoate (10:0) (the hydropho-
Right, compare lane I with 4 and 3 with 6). Incorporation of bicities of 13-OxaMyr and decanoate are equivalent: ref. 6).
[3 Hlmyristate or the analog required simultaneous expression 0.1/ ethanol (the solvent used to dissolve the analog), or 5
of NMT and nef(Fig. 1CRight. lanes I and 7):- j'H6-OxaMyr jiM t,/ZT. Western blots of total cellular proteins Nxere then
labeled this protein poorly (lanes 2 and 5). probed with a mouse monoclonal anti-p24 antiserum (4).

13-OxaMyr Inhibits Proteolytic Processing ofr IV-I Pr551"" I'r55"'' and its specific cleavage product p24 were readily
in Chronically Infected Human Lymphoid Cells. [19/IIIB cells identified in each of the lysates (Fig. 2A). A marked decrease
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FIG. 2. 13-OxaMyr blocks proteolytic processing of HIV-1 Pr55F 8 in chronically infected human lymphoid cells. (A) Immunoblot detection
of HIV Pr55m' and p24 in H9111B cells after incubation with medium alone (lanes C), 0.1% ethanol (lane E), 40 AM decanoic acid (lane C10),
40 gM 13-OxaMyr (lane 013). or 5 AM AZT (lane AZT). A monoclonal anti-p24 antibody (4) was used. (B) Immunoprecipitation of HIV-1 proteins
in 100,000 x g soluble (lanes S) or pellet (lanes P) fractions of H9111B cells metabolically labeled (4) with [3Hlmyristate (lanes myr),
[3H]13-OxaMyr (lanes 013), or [3H]6-OxaMyr (lanes 06). The intact Pr55g• is indicated by an asterisk. (C) Immunoprecipitation of HIV nef
species from the same fractions as in B. The results shown in A-C are representative of those obtained in three independent experiments.

in proteolytic processing of Pr55RaS to r24 was noted only increases were noted for 48 hr, and levels had not fully
with analog treatment. returned to pretreatment or control (0.1% ethanol) values 8

[3H]13-OxaMyr Reduces the Concentration of AZT Re- days later (Fig. 3C). (Note that the number of viable cells in
quired to Inhibit HIV-I Replication in an Acute Replication each of the test groups was comparable at the end of the test
Assay. 13-OxaMyr produces a dose-dependent reduction in period.) The long-lived antiviral effect suggests that the
HIV-1 production in acutely infected CD4' H9 cells without analog is able to avoid metabolic processing and/or that the
accompanying cellular toxicity: the '-90% reduction in cell- intraccl!ular levels of drug that are required to inhibit HIV-1
free reverse transcriptase (RT) and p24 antigen levels replication may be very low.
achieved with 20-40 AM analog is comparable to that pro-
duced by 5 AM AZT (5). We examined the combined effect DISCUSSION
of 13-OxaMyr and AZT because (i) the data presented in Fig. We have explored the mechanism by which myristic acid
2 suggested that 13-OxaMyr may affect a step that occurs late analogs can selectively inhibit HIV-1 replication and assem-
in virus replication (i.e., assembly at the memnbrane and/or bly. A dual plasmid expression system that reconstitutes
proteolytic processing ofgag polyprotein precursors), and (ii) protein N-myristoylation in E. coli was initially used to
AZT blocks proviral DNA synthesis by inhibiting RT-an determine whether two fatty acid analogs--differing only in
early step in virus infectivity. We determined in preliminary the site of the oxygen-for-methylene substitution-could be
experiments (data not shown) that 0.03 AsM AZT produced a converted to their CoA thioesters and incorporated into
50% reduction in virus-associated RT activity. At concen- HIV-1 Pr55 "g and nef proteins. [3H]13-OxaMyr worked as
trations where neither analog nor AZT alone produced sig- well as myristate in this assay system and also was incorpo-
nificant (>10%) reductions in virus production, the combi- rated into these two proteins in H9 cells. This analog causes
nation of the two compounds produced a moderate but Pr559a to redistribute from membrane to cytosolic fractions
reprouucitle synergistic effect (0.01 or 0.02AM AZT plus 0.1 and markedly reduces its proteolytic processing by viral
or 1.0 MNi analog in Fig. 3A). When the concentration of protease. These results have implications not only about the
analog exceeded 10 AM or when AZT was added at 0.05 AM function of the myristoyl moiety in Pr55gdr but also about
or more, the advantage of combining drugs was obscured by potential therapeutic strategies for the treatment of AIDS.
the significa,;L effect of each alone. The metabolic labeling studies carried out in HIV-1-

[3H]13-OxaMyr Inhibits Chronic HIV-I Production in H9/ infected H9 cells confirmed our earlier hypothesis (5) that
IIIB Cells. Chronically infected cells in human hosts could 13-OxaMyr serves as an alternative substrate for human
play a significant role in HIV-1 persistence and latency. Virus lymphocyte acyl-CoA synthetase and N MT. The poor incor-
production from such cells would not be affected by treat- poration of [3H]6-OxaMyr into gag and nef was part of a
ment with AZT. However, compounds that disrupt late steps general failure to label H9 cellular proteins-compared with
in virus replication could decrease virus load and interrupt [3HJmyristate and [3HI13-OxaMyr (data not shown). Studies
the replicative cycle. Therefore, the effects of 40 AM 13- with a murine myocyte cell line (BC 3H1) and rat fibroblasts
OxaMyr, 40 AM decanoate, 5 pM AZT, and 0.1% ethanol have indicated that 6-OxaMyr is incorporated into a much
were compared in chronically infected cells. A 60% reduction smaller subset of cellular proteins than is 13-OxaMyr (7). This
in p24 antigen and RT activity was documented 2 days after may reflect differences in their uptake, conversion to acyl-
treatment with analog: AZT. decanoate, or ethanol had no CoAs, susceptibility to metabolic processing, and/or inter-
effect on these measures of virus production (Fig. 3B). actions with NMT.
Furthermore. analog treatment had no demonstrable toxic I he two observed consequences of incorporating 13-
effects on the host H9 cells as measured by cell number and OxaO' r into Pr559"g (redistribution from membrane to cyto-
protein synthesis (Fig. 3B). solic .. ictions and inhibition of proteolytic processing) may

The long-term effect Jf this analog (50 AM) on virus be interrelated. Gly-2 -- Ala mutagenesis of Pr559'9 blocks
production was tested by extending the treatment period to N-myristoylation and proteolytic processing in HeLa cells
1 aays (Fig. 3C). RT activity was reduced ý70% by day 6 (4). However, the Myr' -Pr55rag can be processed by purified
o treatment and was maintained at this level until removal of HIV protease in vitro (4). The myristoyl moiety may be
1. -OxaMyr from the culture medium, Analog withdrawal required for intermolecular association of the larger gag-pol
resilted in a progressive rise in Rr activity. However, no precursor and autocatalytic release/activation of viral p111
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A containing analogs may produce even greater (synergistic?)
100 @ 0 013 only inhibition of gag polyprotein precursor processing. Addi-

e 013,.01 AZT tional experiments with radiolabeled analogs containing

80 A 013+.02 AZT other structural perturbations may provide further insights
x 013+.05 AZT about the physical-chemical features of the acil chain that are
0 013+.10 AZT required for tvrgeting and processing of HIV-1 gag proteins.

0 60 U m013*.20 AZT The results obtained in the chronic virus replication assay
are consistent with the hypothesis that 13-OxaMyr affects a

S40 late step in the virus life-cycle. However, it is premature to
conclude that the analog exerts its antiviral effects only as a
"result of its incorporation into gag, gag-pol, or nef. It may

20 - perturb the biological function of other cellular N-myristoyl-
ated proteins that could modulate the course of viral infec-

S- - ,tion. For example, the NH 2-terminal region of the src-like
0 .01 0.1 1.o 10 100 protein tyrosine kinase, p56ick, interacts with the cytoplasmic

013 (uM) domain of the cell-surface glycoproteins CD4/CD8 on the

B ETOH C1 0-3 AZT inner aspect of the plasma membrane (20, 21). Such interac-
100rin t,- tions appear to be important in T-lymphocyte proliferation
so 0 and activation (21). Analog incorporation into p5 61Ck may
60 - *RT disrupt these events. Our results do raise the possibility that
40 I- MT E p24 ELISA combination chemotherapy with these analogs and AZT not

- 2 o only may allow reduction in the dose of AZT, but also may
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The regulation of human immunodeficiency virus type I infection and replication in primary monocytes was
investigated by mutagenesis of recombinant proviral clones containing an en' determinant required for the
infectivity of monocytes. Virus replication was assayed by determination of reverse transcriptase activity in
culture fluids and by recovery of virus from monocytes following cocultivation with uninfected peripheral blood
mononuclear cells. Three virus replication phenotypes were observed in monocytes: productive infection, silent
infection, and no infection. Incorporation of the monocytetropic env determinant in a full-length clone
incapable of infection or replication in primary monocytes (no infection) conferred the capacity for highly
efficient virus replication in monocytes (productive infection). Clones with the env determinant but lacking
either functional vpr or vpu genes generated lower replication levels in monocytes. Mutation of both vpr and
vpu, however, resulted in nearly complete attenuation of virus replication in monocytes, despite subsequent
virus recovery from infected monocytes by cocultivation with uninfected peripheral blood mononuclear ce!M
(silent infection). These findings indicate a central role for the "accessory" genes vpu and vpr in productive
human immunodeficiency virus type 1 replication in monocytes and indicate that vpu and vpr may be capable
of functional complementation.

Human immunodeficiency virus type 1 (HIV-1) infection monocyles and together mcdiale the expression of silent
of macrophages has been demonstrated in brain, spinal cord, versus productive infection.
lung, lymph node, and skin during subclinical infection and To study viral regulation of monocyte infection, we uti-
disease and is postulated to underlie important clinical lizcd a panel of chimeric HIV-1 clones, constructed from the
manifestations of HIV-1 infection, including disease latency nonmonocytctropic clone HX132 and the monocytctropic
and development of a spectrum of AIDS-related central clone ADA. as previously described (16, 26. 35. 36). To
nervous system disorders (2, 4, 11, 14, 15, 19, 33, 37). correct a vpr defect in each of these clones, the result of a
However, detailed molecular analysis of virus-host cell single base insertion in HXB2, 2.7-kb SalI-BanHlI ItXADA
interactions involving monocytcs was limited until recently DNA fragments (nucleotides 5785 to 8474) were subcloncd
by the restricted tropism of the earliest and most widely into the full-length proviral clone NL4-3, in which the 1'pr
studied HIV-1 genetic clones for primary monocytes cul- open reading frame is intact (1). The resultant NLHXADA
tured in vitro (14, 15). Previously, we and others have clones contained the ADA-dcrivcd en, determinant previ-
demonstrated that a discrete enm determinant, including the ouslV localized to nuelcotidcs 7040) to 7323. flanked by
V3 loop but not the CD4-binding domain, is necessary and additional ADA- or tXf32-dcrivcd sequences encoding
sufficient for HIV-1 infection of monocytes (23, 29, 36). other portions of emv and vpm and small portions of tat and
Additionally, we have identified three virus replication phe- rev. A clone in which the entire 5785-to-8474 sequence was
notypes in monocytes in vitro, using molecularly defined ttX132 derived (thus lackine a monocvtctropic en- dcterni-
proviral clones (35). These include productive infection,

nant) was used as i nClativC control for these experiments.with the generation of high virus replication levels; silent Because IX132 lacks a pitu initiator mclhioninc codon,
infection, with low to undetcctable virus replication in clones in %%hich i-7m Nxas IIXB2 derived were dcfctivc for
monocytes. despite ultimate virus recovery from infected that product. in contast to clones with an A)A-cncoded
monocytcs following cocultivation with uninfected, phyto- IFlth.i podc, In C (llt l cIoresponding to AA-cIncdcd
hemagglutinim-stinmulatcd peripheral blood mononIcilcar ADlA hm ls g tnc cor nresondtk_'ing to eachf nI I-cell (P3M(' 'I hblADA' hlri '½'r gctieratCI fly introducine at franimsfitit niii-cells P [lymphohlasts]), and no infection. with neither tation al codoi 03.
virus replication in nor virus recovery from monocytcs Virions from thlc rccotnhiant clones, tcnclratcd by tralis-
observed. In the present study, we investigated the roles of feet on, were assayed fot heir abilit, to itt fet 'Ind replicate
the HIIV-1 "'accessory" genes ipr and vpu, which are t
dispensable for virus replication in primary and immortal- iInI primary i- ni itioct s yth presence 25 and r yscriptase tl~ll aetix itv in culture: supernitints 125 and liy
ized CD4' T lymphocytes. We demonstrate that tpr and rim the iltitillt recoxclx of virus foflo\xinc coftixitiol of
are central to the regulation of virus replication in primary h

- 1tiiocytcs x ilh tmniutfcctcd IPcM( 's. The resuls are sumnia-
ri/ed in VLie. I. All clones contnliig the ADA-dcrived em
detrmlinantt, aInd an intlacl igor gclne uelcritld high virus

C()rrespornding ;,uithr. rcplicailion Ic\ ALs inl Il vIoo cs. nacitix ition of 1l, in these

10-1q
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clones, however, generated divergent results, depending (20). Furthermore, tat and r1e' both differ at 3 (, 14 amino
upon the derivation of nucleotide sequences 5999 to 6345 acid positions between the ADA and IIXB2 SK fragments,
(SK fragment). Clones in which this portion of the genomc with four of these six changes being conservative ill nature.
was ADA derived generated lower (but readily detectable) Therefore, it is unlikely that these alterations in ent, tat, or
virus replication levels than did their wild-type vpr counter- rev alter their function. I lowever, to formally determine the
parts. However, ipr mutants in which SK was HXB2 specific requirement for %pu during 1IV-I infection ofmono-
derived typically failed to generate virus replication levels cytes, the vln initiator methionine codon of the silent
detectable above background in monocytes, despite subse- infection clone NLt-XADA-GG (vpr mutant) was restored
quent virus recovery from these cultures onto uninfected by site-directed mutagrenesis. The resultant clone was found
PBMCs. The negative control clone, which carried a wild- to generate virus capable of productive infection of mono-
type vpr but lacked the monocytetropic em' determinant. cytes (data not shown).
generated virions which neither replicated in nor were tIIV-1 and related Icntiviruses arc distinct from most other
recovered from monocytes, as previously demonstrated. No retroviruses in that besides the structural gag.at, pal. and eniv
significant differences were seen in the replication of each genes common to all retroviruses, they also encode a num-
virus strain on PBMCs obtained from several different ber of genes whose functions have been shown or arc
donors. speculated to be regulatory in nature. In ItlV-1, these genes

Monocytes were infected with recombinant HIV-1 clones include tat, rev, ti, ; nef, cplu, and vpr (6-8, 20. 32, 38). While
containing a functional vp)r gene, stained with toluidine blue, tat, rev, and vif are essential for viral gene expression or
and examimed by light microscopy (1-pJm-thick plastic sec- virion infectivity, the precise role and overall importance of
tions). Cultures infected with a nonmonocytetropic virus, tp7-, cpu, and re'fare unclear, since these genes are dispcns-
NLHXADA-SK, which contains a functional ypu gene, were able for virus infection and replication in (CD4 * lymphocytes
indistinguishable from uninfected cells, with rare, small in vitro (8-10, 12, 13, 22, 24, 30, 32). The availability of
multinucleated cells (Fig. 2A). Cultures productively in- molecular tlIV-1 clones which infect and replicate in mono-
fected with virus containing the monocytctropic enzv deter- cytcs at levels comparable to those obsered i, ith manN
minant and a functional (NLHXADA-SM lFig. 2B1) or monocytetropic virus isolates has facilitated investigation of
nonfunctional (NLHXADA-GG [Fig. 2C]) ypu gene showed the role that these viral genes may play in regulating the
characteristic cytopathic effects (15). These consisted of the virus life cycle in monocytes. In the present study., ,.-c
formation of multinucleated giant cells, often containing 10 observed moderately decreased levels of virus replication in
or more nuclei per cell, and cell lysis. The frequencies and the absence of either tpr or tpu. whereas in the absence of
sizes of these cells were comparable in the NLHXADA- both genes, virus replication in monocytcs dropped to levels
SM- and NLHXADA-GG-infected monocyte cultures. Virus barely at or below the level of detection by the RT assay,
production and cellular degeneration and necrosis were such that infection of these cells usually could be detected
primarily confined to the multinucleated cells. Transmission only by virus rescue onto PBMCs.
electron microscopy examination demonstrated typical bud- The vpr open reading frame encodes a protein of 90 amino
ding and mature virions in intraccllular vacuoles that were acids in most HIV-1 clones and is conserved in other
associated with the plasma membrane, in both the presence lentiviruscs, includin,, visna-macdi virus (20. 31). Previous
and absence of vpu, but not in the NLHXADA-SK-infccted studies have shown that cpr is not required for HIV-1
cells (Fig. 2D). Freeze fracture scanning electron micros- infection or replication in CD4' lymphocytic cell lines III
copy demonstrated budding of virion particles from the vitro, although its inactivation led to slower replication
plasma membrane of monocytes infected with virus which kinetics and delayed cytopathogcnicity in these cells (6, 10.
lacked a functional vpu (Fig. 2E). No virus could be detected 24). A recent study involving HIV type 2 (HIV-2) has shown
in monocytes infected with recombinant clones lacking both that vpr is likewise dispensable during infection of PBMCs
vpr and vpu (data not shown). and T-cell lines but essential for productive infection of

The SK fragment encodes the entire cpu gcnc product, 14 monocytes (17). The t'pr protein has been demonstrated by
amino acids at the C termini of both the tat and the ret- first radioimmunoprccipitation to be virion associated, and , us it
cxons, and the N-terminal 41 amino acids of eay (Fig. 3). is speculated to function either late in the virus life , ,''c,
Although the absence of a ypt initiator mcthioninc codon in during particle assembly or maturation, or early, during the
HXB2 is the most obvious difference between the SK initial stages of infection (6). The vput gcne encodes an 8t-
portions of fIlXB2 and ADA, a role for tat, i-rv, or ent' Could to-82-amino-acid protein. It has not been reported whether
not be ruled out. The ea' sequences differ at 7 of 41 the uim protein is found in virion particles. -Im has been
predicted amino acid positions, not including the nonaligned shown to augment virion particle release from infected cells
insertion of 3 residues and deletion of 4 residues in ADA. All without alfkccting levels of viral RNA or protein synthesis (8,
but three of these differences arc confined to the signal 32). Iln the absence ot cp., a ihigher ratio of immature to
peptidc, which varies by up to 31'; between different clones mature particles has been seen, with a shilt in capsid

recombinant NLIIXADA clones. To inactivate 'pr clones Acire dieCsted with /'3-oRlInucletidc 574S), trealed with Klcosi frawnicnit, and
religaled to generate a 4-ip insertion, as previously described 24 l. The replicatioin levels I hlt cfist clionie in mimnictnvtes aMC ill 11t tlllat d 1t) Illt.
right of each clone. Monocytes were infected as puvioMtsly descsrihed )"3t) hy using filtred virus stocks generaledby I raitnIctl in ,i provial
DNA (nto SW4801 cell monolayers. and titers were deitinined by nmeasuring RI activity. Inlectuions were done atl lo. niiltiplicitics ot
infection 0I) ) to 101 issue culture infective doses pir well1\ i th nih novcyt L:,plalcd al an initial densit ict o 2 , 10' cells peri cll.\ ri urcplicattin
was monitored by serial determinatiions of RT activ ity in culture supcriamails 25,). Peak RI activitieN days 26 ihl 29) ai' cxprc,,,d as It)
counts per minute per milliliter. To determine virus rescue. fresh, uninfecteuf PtIN 'J .s were added to n iOcytLe eCiIJICes al21It) days
postinfection, cocultlivated (co-cult) for 2 days. and maint;iuted separately for iil t 12 iadditional days.s', hilC RI -ALei\ is \t,1, it10111t10icul
Rescue was scored as tpositive with two siTcessive RI risunls that were miiure Ohmi lfivefold ab 'oe backgroind leeL. Iii tlhe telplicaitiuui
kinetics of rcpresen lative NI I IXAI) N 1'', 1V i' .p eW l " 1 tt.ul u-.itlT s sure i bhaiiilcd ittl thrc 01 live repliatel CXJV11t1lt s 1,,.
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FiG. 2. Light. transmission. and freeze fracture scanning electron micioscopy of infected it attcytes. ighit iniclogi,1i .ip of tiiuldiniii
blue-stained semnithin plastic sections showing typical tields ot primary nmonocytcs infeceted by iionmonocytctropie cliote NI] IXAI)A-SK35
(A) and monocytetropic clones NLIlXADA-SM (B) and NLHXADA-GG (C) are shown (1 '5). The niultinUClcated giant cells were fc%ýcr andI
smaller in panel A than in panels B and C. Magnification. X480. lItfected adherent cUltUrcd cells Nverc carctully washed tw~ice with
phosphate-buffered saline (PBS). fixed in situ with 2"; glut arafde hvde (p1 1 7.2) itt PBS, scraped free w ith a rubber policemian. Itansfet red 10
a 1 5-mI plastic conical tube, and pelleted for 1f0 min at 601l) x g cenitrifunatitin. TFie cells were mnixed wkith wanim agar, tepeclletcd ini the
Microifuge for 1 min, and refrigerated Overnight to form a firm agar otock. Ihfe ccii otock w- uivided to1o small pieces and processcAj ituo
Spurr's plastic, after osmification and block uranyl acetate stainting ff15). Sectiotts (It fnt thtick) were stained with toluidine blue for ligftt
microscopy, while thin sections (600) A [60.0 nml) were stained with urauivI acetate and lead citrate for transmission electron microscopy. D)1)
Transmission electron micrograph of a small portion of a multinuefeated cell from Nt] IXAI)A-(G-infectcd rniiiocytc's sluowine a
cytoplasmic vacuole (lower left) containing immature and mature viriolts and numerous typical mnature particles associated %kithi a stretcht of
plasma membrane. Magnification, x34,000f~. (E) Transmissiont electron mticroscopy view of NI .1 lXADA-(i6-inctecid ttonockvtes..stabili/cd
by formaldehyde tixation before quick-freezing, freeze-dryiitg, and platinum repliCatioti (D'). Bluddinig from tile convoluted sur~face are -several
50-nim-diameter brightly out lined spherical virus particles. At higher m ignfichat ott Itot sftovn ithf-fese display characteristic sitrf ace ctis tat
gp12O "pegs."

formation from the plasma membrane to intracellular mem- cis were observed in the absence of eithter ecri. the nearly
branes (8). In monocytes, however, particle assembly and Complete attetnuation observed in the absence of both may
release occur both at the plasma membrane and in intracel- result from a compound effect of' thle loss of' two relatively
lular vacuoles in the presence or absence of tpu. as shown in important but futnctionally unrelated genes. More detailed
Fig. 2D. studies to determine the precise mechanisms of action oft thle

It is intriguing that HIV-2 and simian inmmunodeficiency vpt- atnd vpt gene products will be required to address these
virus lack a tpu open reading frame but instead carry a gene alternatives. In either case, our data indicate that together.
designated vpx, which encodes a protein of 114 to 118 amino ipr- and at secotnd determinant. ipu, are more important for
acids in these viruses (20)_ ypu and vpxv occupy similar efficient II-fl-I itnfection and replication in pritmairy mnito-
positions in their respective viral genomes, between pot and cytes than was observed previously in lymphiocytes. These
en%', but have only distant amino acid homology. Recently, it observations provide a rationale for designin~g potential
has been suggested that tpxr and ypr arose by duplication antiviral therapies to block the action of these gene products
from a common progenitor in HIV-2 and simian immunode- duringi HIV-1 infection of' monocytes.
ficiency virus, on the basis of predicted amino acid sequence Persistent infection of tissue macrophages plays an impor-
homology between the genes (34). To investigate the possi- tant role in thle pathogenic effects of other lenltiviruses.
bility of a similar link between vpr and vpu in HIV-1, the including equine infectious anemnia virus. visna-maedi virus,
predicted amino acid sequences of both vpu and ipxv were and caprine arthritis-eceicphalitis virus, providing a sanctu-
aligned with that of t'pr (Fig. 4). Although less compelling arv for continuous virus replication in the face of a vigorous
that the homology between ipr and r'px, a 38%t. identity was host immune response (15, 21). The onset of increased virus
observed between r'pr and tpu over a 24-residue overlap at replication has been correlated with the onset of clinlical
the C terminus of vpu and the N terminus of t'pr. These disease manitifestat ions, such as encephalitis. pocumonitis,
sequences were particularly rich in acidic residues. Similar- arthritis, and hemolytic anemia. Similarly, l-IV-1 infection
ity in the hydrophilicity profiles of these portions of the t'pu. of macrophages generates a reservoir of' virus which is
ypt-, and t2px products was also noted. The striking effect on present thiroughout the coutrsc of subclinical inifection and
virus replication levels in monocytes o~bserved only when clinical disease. Thle existence of poorly replicative HIIV/-1
both genes were defective suggests that their gene products variants may bec essential for estabilishmnirt of' persistent
may perform similar roles and thus provide partial futnctional macrophage infect ion drtil te early. asynmptomatic st ace
cOmplementation. Alternatively, since lower replication lev- of, disease. Several studies have Stig''L'CStCd a relationtship
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FIG. 4. P'redicted amino acid homnology between i~w. ipo. and il)x. The predicted amino acid sequnceic of the NL4-3-dcrived %pr gene is
aligned with honioiogous region,, of the ADA-derived i-po gene and the ip~x gene encoded by the IIIV-25011 clone, with single-letter amino
acid designations. Identical residues are indicated within hoxes. I lydrorhilicitv profiles for the corresponding segments oif each protein are
shown at the bottomi.
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Human immunodeficiency virus type 1 (HIV-1) can establish a persistent and latent infection in CD4+ T
lymphocytes (W. C. Greene, N. Engl. J. Med. 324:308-317, 1991; S. M. Schnittman, M. C. Psallidopoulos,
H. C. Lane, L. Thompson, M. Baseler, F. Massari, C. H. Fox, N. P. Salzman, and A. S. Fauci, Science
245:305-308, 1989). Production of HIV-1 from latently infected cells requires host cell activation by T-cell
mitogens (T. Folks, D. M. Powell, M. M. Lightfoote, S. Benn, M. A. Martin, and A. S. Fauci, Science
231:600-602, 1986; D. Zagury, J. Bernard, R. Leonard, R. Cheynier, M. Feldman, P. S. Sarin, and R. C.
Gallo, Science 231:850-853, 1986). This activation is mediated by the host trai,..itption factor NF-KB !C.
Nabel and D. Baltimore, Nature (London) 326:711-717, 19871. We report here that the HIV-i-encoded Nef
,rotein inhibits the induction of NF-KB DNA-binding activity by T-cell mitogens. However, Nef does not affect
the DNA b"ncding activity of other transcription factors implicated in HIV-1 regulation, including SP-1, USF,
URS, and NF-A'i. Additionally, Nef inhibits the induction of HIV-1- and interleukin 2-directed gene
expression, and the effect on H1W-1 transcription depends on an intact NF-tcB-binding site. These results
indicate that defective recruitment of NF-.cB may underlie Nef's negative transcriptional effects on the HIV1I
and interleukin 2 promoters. Further evidence suggests that Net inhibits NF-KB induction by interfering with
a signal derived from the T-cell receptor complex.

. Human immunodeficiency virus type 1 (HIV-1) can estab- LfenSN and HPB-ALL/LfenSN cells) with respect to the
lish a latent infection in CD4+ T cells (14, 29). Production of Moloney murine leukemia virus promoter (10). These cells
HIV-1 from latently infected cells requires host cell stimu- represent a mixed population of cells expressing Nef to
lation by T-cell mitogens (9, 34). Stimulation of T cells by various degrees and were used to exclude the possibility that
T-cell-specific stimuli (e.g., antigen or antibody to CD2 or clonal selection accounts for Nef effects observed in the J12
CD3) or nonspecific mitogens (e.g., phytohemagglutinin clones.
[PHA] and phorbol 12-myristate 13-acetate [PMAJ) results in To determine the impact of T-cell activation on the expres-
the induction of the DNA-binding activity of the host tran- sion of Nef, the human T-cell lines were stimulated with
scription factor NF-KB (14). The NF-KB family of proteins PHA and PMA. Cells were maintained in logarithmic growth
normally regulates the expression of genes involved in T-cell in RPMI 1640 medium supplemented with 10% fetal bovine
activation and proliferation, such as interleukin 2 (IL-2) and serum and 2 mM glutamine. J25 and Jurkat E6-1 cells (5 x
the alpha subunit of the IL-2 receptor (14). The HIV-1 10" each) and HPB-ALL cells (1.5 x 107) were either not
promoter possesses two adjacent NF-KB-binding sites which stimuidted or stimulated with 13 lg of PHA-P (Sigma) and 75
al!ow the virus to subvert the normal activity of NF-KB to ng of PMA (Sigma) per ml for 4 h. The cells were lyscd in
enhance its own replication (23). RIPA buffer, and lysates were immunoprecipitated with

Previous work suggests that the HIV-1-encoded Nef pro- rabbit anti-Ncf polyclonal serum (6). The immunoprecipi-
tein is a negative regulator of HIV-1 replication (1, 7, 20, 25, tales were subjected to sodium dodecyl sulfate-polvacryl-
31). Furthermore, we and others have found that Nef may amidc gel clectrophoresis (12% polyacrylamide), and the
suppress both HIV-1 and IL-2 transcription (1, 21, 25). To proteins were transferred to nitrocellulose for Western in-
investigate whether Nef affects the DNA binding activity of munoblol analysis. The primary antibody was the rabbit
NF-KB or other transcription factors implicated in HIV-1 anti-Ncf serum, and the secondary antibody was alkaline
regulation, we used human T-cell lines stably transfected anti-Nef serumand t oat antiboyw alkalinewith the nef gene. Jurkat (125) human T-cell clone 133 phosphatasc-conjugated goat anti-rabbit immunoglobulin,

withthenefgene Jukat(J25 huan -cel clne 3-1 specific for the heavy cl.ain (Promega). The -protein,,,constitutively expresses the NL43 nef gene. 22F6 cells were visualize heay clr (Proment th e teinswere visualized by color development with nitroblua tetra-
represent another antibiotic-resistant cloe of 125 cells: zolium and 5-bromo-4-chloro-3-indolylphosphatc toluidin-
however, these cells do not contain nefscquences and do not ium (tromcga). Band intensity was determined by laser
express Ncf (21). Additionally, we useddnsito tr scanning of the Western blot and was in the
E- and HP13-ALL_ cells expressing the SF2 nef gene either linear range of analysis as established by a standard curve.
in the correet orientation (Jurkat/lnefSN and HPB-ALL, Jurkat E6-l cells were obtained from the AIDS Repository,
LnefSNS1 cells) or in the reverse orientation (Jurkat' American Type Culture Collection (Arthur Weiss) (32). and

were stably transduced with the SF2 nef genc as previously
described (10i).

Corrcspondimng author. Immunoblot ;inalysis with anti-Nef antibodics showed that

h'I
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pcrazine-N'-2-cthancsulfonic acid; p'i 7.9), 20 mM KCI 1 I
mM MgClI, 2 mM dithiothreitol. and 17i glycerol (33) with
the addition of 10 mM NaF, 0.1 mM sodium vanadatc, and

SV 50 mM beta-glycerol-phosphate. Cytoplasmic extracts con-
,', -' ,' •"sisted of the supernatant resulting from the lysis of cells in

hypotonic lysis solution, Dounce homogenization, and low-
'-1-" I~1 f I r- 1F-, • speed centrifugation to pellet nuclei. Binding reaction mix-

stimulation + - + - + - + - + - + tures contained 2 p.l (2 p.g) of nuclear extract (Fig. 2a through

-.... d) or 6 p.d (7 pg) of cytoplasmic extract (Fig. 2e), 2 Vg of
68- poly(dl-dC) (Pharmacia), 100-fold molar excess of unlabeled

46, - gG NF-KB mutant oligonucleotide (ACAACTCACTTTCCGCT
GCTCAC'ITFCCAGGW'A), and 20,000 cpm of end-labeled

30- VP f9 oligonucleotide probe, in DNA binding buffer (27), in a final
as ... - -- p27 volume of 22 I.l. Reactions were performed at 30'C for 25

min, immediately loaded on a 4.5% polyacrylamide gel with
21 - 0.5x Tris-borate-EDTA, and run at 200 V. Oligonucleotides

used were as follows: NF-KB, ACAAGGGACTTTCCGC
14 - TGGGAC-ITCCAGGGA; SP-1, CAGGGAGGCGTGGCC

TGGGCGGGACTGGGGAGTGGCGTCC. All DNA p.obes
6.5 - were gel purified and end labeled with [-y- 32PJATP. The

intensity of the indicated bands was determined by laser

FIG. 1. Immunoblot analysis of the HIV-1 Nef protein in stably densitometry and by measuring the radioactivity of excised
transfected and transduced human f-cell lines. Cell lysates were bands in a liquid scintillation counter. There was a linear
immunoprecipitated with rabbit anti-Nef polyclonal serum, electro- iclationship between the amount of extract used and DNA-
phoresed, transferred to nitrocellulose, and immunoblotted with the binding activity (data not shown). There was no NF-KB
same anti-Nef serum. The cells were either unstimulated (-) or DNA-binding activity with the cytoplasmic extracts in the
stimulated (+) with PHA and PMA before cell harvesting. Pres- absence of deoxycholic acid (data not shown). Protein
tained protein size markers are indicated on the left in kilodaltons. concentration was determined with the Bradford reagent
Nef protein in the 133 cells (21) was expressed from the nef gene of (Bio-Rad) with bovine serum albumin as a standard. Nuclear
isolate pNL432 and had an apparent molecular mass of 27 kDa, extract preparations and binding reactions w(,e repeated on
whereas the Nef proteins expressed in the Jurkat E6-1 and HPB- three separate occasions with similar results.
ALL cells were encoded by the nef gene of isolate SF2 and
demonstrated Rn apparer t molecular mass of 29 kDa. Immunoglob- The induction of NF-KB activity in stimulated 133 cells
ulin G (lgG) heavy clrain, which was present in the antiserum used was suppressed five- to sevenfold compared with that in the
for the immunoprecipitation step, is indicated at the right. 22F6 cells. This inhibitin was evident 40 min poststimula-

tion and was sustained throughout the 4-h stimulation period
(Fig. 2a). 125 clone 22D8 cells represent a distinct clonal cell
line which, like the 133 cells, also stably express Nef (21).

stimulation caused a two- to threefold increase in Nef NF-KB induction was suppressed four- to fivefold in the
expression in clone 133 cells (Fig. 1). This increase was 22D8 cells compared with that in the 22F6 cells (Fig. 2b).
probably due to the inducibility of the chimeric simian virus NF-KB suppression was more profound in the 133 cells than
40 (SV40)-human T-cell leukemia virus type I promoter used in the 22D8 cells, which correlates with the observation that
to direct Nef expression. However, Nef expression was not Nef expression was higher in the 133 cells (21). Similarly to
induced in the Jurkat E6-1 or HPB-ALL cells (Fig. 1). The the Nef-expressing J25 clones. Nef inhibited N'T-KB induc-
level ol Ncf cxprcessed in these celis is comparable to the tion three- to fourfold in the Jmrkai l.ncfSN and HPB-ALL/
amount of Nef generated by lItV-1 in productively infected LncfSNS1 cells compared wAith their non-Ncl-exprcssing
CEM human T cells (data not shown). The difference in the counterparts (Fig. 2c and d). Nef-mediatcd NF-KB suppres-
apparent molecular weight of the Nef produced in clone 133 sion was more profound in the Jurkat/LncfSN cells than in
cells anti those produced in the Jurkat/LnefSN and HPB- the HPB-ALL/LnefSNS1 cells, even though the HPB-ALL_,'
ALL/LnefSNS1 cells is due to the presence of an alanine at LnefSNS1 cells expr-ssed severalfold higher levels of Nef.
amino acid position 54 in the NI43 Nef gene compared with This result is likely due to the biological differences that exist
the presence of an aspartic acid at that position in the SF2 between the two cell lines. That is, Jurkat cells may be more
Nef gene (26). The amount of lysate equivalents loaded in sensitive to the effects of Nef than HPB-ALL cells because
the I IPB-AI.I./LnefSNS1 lanes was threefold larger than of differential expression of proteias involved in signal
that in the Jurkat/LncfSN lanes. Nevertheless, the amount transduction. That Nef-mcdiated NF-KB suppression in the
of Ncf expressed in the HPB-AL.L/LncfSNS1 cells was 133 and 22D8 cells was greater than in the Jurkat LnctSN
approximately fourfold larger than the amount produced in and ttPB-ALIJ/IcnfSNSI cells may be due to the expression
the Jurkat/lncfSN cells (Fig. 1). Ncf did not appear to be of a different nef allele in the 133 and 22D8 cells. Alterna-
toxic, in that the Nef-producing cells exhibited the same tively. i*-;s result could be due to the fact that ever, cell in
doubling time and morphology as the control cells, the culture of 133 and 22D8 cells produced a relatively high

Gel shift a,;,:ays were performed with nuclear extracts level of Nef. whereas the Jurkat/!1nefSN and lIPFI3-ALI.I
prepared Ii1om stimulated andi unstimulatcd cell,,. Nuclear ItniSN'sI cells rcpiC scnit a ti\ed population of cell, cx-
extracts wcrc prepared from 5 x 10' cells with a modified prcssing lo\ and high Iilvels of Nef or no Net at all.
version of the method of Dignam et al. (8) as adapted by NF-K1B activity it] nuclei froin unstimulatcd cells was
Montminy and Bilezikjian (221. Following ammonium sulfate extremely low but detectable, and no difference-, hcfItccn
precipitation, nuclear proteins were resuspended in 100 lVl of the Ncf-cxprcssing and control cells \kcre observed ItLaa n•t
a solution containing 211 mM IIEPES (N-2-hydroxycthylpi- showit). Additionally, wNhen cytoplasinic extracts from un-
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theasc NF `-B DN frobe ats de11lscribe inthe text, i the presencheyo l)lV~dovcblic"A acid (SiIzmaI (V. , S .aiidJO P. .N ll-seidtic]1) bnoig

exhilihled NF-KII activity independent of Nef expression (litlerences, in binding to NV-l-,.\T-I !SV:-. aiid V.RS-spccilic
(Fig. 20 . IFinallx.. that NOf suppressed the Ic\ el of N F-K B probcs heiv~ccii thle 221 :m itd 133 cells \%ere obserxed idalt
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These observat ions indicate that Nef aff~cts tile recruitmnirt Touniteir detnIIinTstrateC Ncef\ suppreCssive Cftect onl NV-KB

andI not the cvtoplasmie cincentrat ion (if NIV-K B. Thle bitid- rcertli itnitit.2 , cells were t ra isicrntly trintusecteul v ith
ing nif SI)-, was independent of Nef expression Miid stinin~la- D)NA p)Lasutids CXpre~ssitle Ne~t lrmtiu the S\40 eat I pro.
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I i ' FIG. 3. Gel shift analysis (If nuclear extracts prepared frolnt 221-iý
'I' cells (a) transiently transfected with the indicated DNA plsnimdx

that were not stimulated (0) or were stimulated for 4 h (4) w~ith
PIIA-P and PMA and 22F6 and 133 cells (b) stimulated for 4 h "sit h
P1 IA-P1 (11), PMA (M), or ionomycin (1) (2 pLM) Or CtlmbinItkiln" Ill

C an two mitogens. N, U2, S, and P. NF-KB-spccific binding. 1'SF
~ specific binding, SP-1-specific binding, and free probe. resýpect\,IN.l

Zý z (Ic) Nuclear extract 22F6 H[+M from panel r) was preineubated ý.ith
C C C C the specified aniiserurn for 15 min before the NF-xB DjNArb

was added. NF-KB p65-pS)) heterodimer- and p50-p5)) homodimer-
DNA complexes and supershifted heterodimer- and holnodirner-
DNA-antibody complexes are indicated at thle right. Data represent

suprr shinl at least three independent experiments.

fragment from pSVF/N and pSVFIN fs, which includes the
entire length of the HIV-1 sequences present in these clones,

-P65-PSO
-PSO-P50 was inserted into the vector pCB6 (24) in the correct

orientation with respect to the cytomegal ivirus immediate-
early promoter to generate clones pCMVF/N and pCMVF/N

- ns fs. respectively. Cells transfected with plasmids pSVF',N
and pCMVF/N express Nef protein, but cells transfected
with pSVF/N fs and pCMVF/N fs do not, as determined by
Western blot and immunoprecipitation analvsis (data no;t
shown). Transfection efficiency was determined by cotrans-
feetion with 2 v~g of pSV2-CAT. Chloramphenicol acctvl-
transferase (CAT) activity (reported as the percent c(Invcr-
sion to acetyla ted products) was determitned a,, described

mok-r. pSVF,N. or the cytomegalovirus inmmediate-early below, and the values for the pSVF,'N fs-f-, pSVF N fs-4-.
promoter, pCMVF/N. or with plasmids contatining frame- pSVFN-4-, pCMVF/N fs-4-, and pCMVF/N-4-transfccted
shift mutations in the tcf gene (pSVF/N f's and pCMVFfN fs, cells were 51, 60. 61. 58. and 61'q, respectivelv. A 19SF-
respectively). Nuclear extract preparation and DNA-btnding specific IDNA probe (corresponding to nucleotides -I ]5( to
reactions were as descrihed above. 22176 cells (2 X If)) (Fig. -173 of the HIV-1 long terminal repeat, GCCGCT7AG

*3a) were transfectcd with 30 f.Lg of the indicatted plasmid C'AFTC'ATCACGTGGJCCCGAGAGCTG;C) -Was Used as a
*DNA by using DEAE-dcxtran. 13rietlv,, cells (Mll were eontrol for the specificity of Nef effects and extuict integrity.
*incubated w.ith plasmid DNA Suspended in itsolution cotil- NF-KB induction was consistently, inhiibited at least i\wo-

taining 10) ml oft serum-free RPMI 1640. 0.25 %1 7 rts (p11 7.3i. fold in cells transfecled \xith either pS%'FN or p(AMVF N'
and] 125 ftg, of [)EAF-dextran (Signia) per till at 37 C for- 4(0 compared with cells transfected with their Pit,'f miu tantit cilu 1-
min. l-ollusstng ccentrifugation at 2,11)1( )e iz' for 7 mim, the terparts (Fig. 3a. Transtection efficiencies in these experi-
cells were maintained tin growth medlium for 001 h prior to menits were determined 1w cotransfecttieL -cHs w,,ith the
s!trnulation and cell harvesting. Plasmnid pS\'v1 N is similar to pSV_2-CAT plasmid and niea.,uring CAT activity. No signif-
pkismid pS%*F (25), except that II IV-] u Icleot ides 8Q94 to icaint differences tin t ransfect ion efficiency betweenl the nel-
9)213 (including, the NF-KIA recognitioin sites, and 3' flanking expressini! and the ,teft-mutant plasmiids, were ohser'cd (l~ie,.
Ccelluar ,cqucmecs, \\ etc deleted, - 'Lasmid piSVI N wa~is di - 3,1. The Suppressive effect of Ncf tin thesec tti leicilt\.

"eeSted Al the 11111LiýJhUIl site iC t C01,o01 (11o the Mll gene., tiansleetecd ce~lls was not as draniatic a'. thc elf ects Ilh5cr\ ed

the stteky enids were filled in with the lKleno,\ fragmient of iti t he stably transfected and transduced cells. tIhe more
I)NA poilvmerase, I, and the plastniid was reli eatedI with 14 sutbt I effect- of Nef in this experiment t111y 11e dUC t0 the
l)NA ligase. Iblis plasmid wAas called pS\ 1 N Is to tndicate eXPreSSi~lt of a it(,f allele which was, derived fromt art III\ 1 I
the introdutoe~~n of a frame-shift itt the ?wtf Lcne. T]he B(IMhJl isilljic distiinct fromn either thle NI -43 lor the SF2Illite
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, (25). In addition, cells which did not receive the nefexpres- a
sion plasmid during the transient-transfection process were
not eliminated (by antibiotic selection) from the total cell
population.

To explore the relative contributions of individual mito-
gens to the recruitment of Nef-inhibitable complexes, cells
were stimulated with PRA, PMA, or ionomycin alone or in
combination. The maximal induction of NF-KB activity t" [ *occurred when PHA was combined with PMA (Fig. 3b). Thisresult, coupled with the observation that PHA mimics the

effects of the natural ligand for the T-cell receptor (TCR) ..
complex (32), suggests that Nef may inhibit signal transduc- 1,,.

tion emanating from the TCR complex. The addition of the 0.1 43 0.3 1.3 0.2 013 0.3

Ca 2
, ionophore, ionomycin, when coupled with PMA treat- ARE.-HIN-4,A -T IL Ii Al

ment, partially substituted for the absence of PHA with 22rM6 ,, .
respect to NF-KB induction (Fig. 3b). However, ionomycin
treatment did not significe r'tly reduce Nef's inhibitory ef-
fects, suggesting that events other than Ca2" mobilization ,, -
may be disrupted by Nef. L

Using antibodies against the p5o and p65 NF-KB subunits, J, L 9
we found that Nef-inhibitable complexes included both 9 Wrm
p50-p5O homodimers and p50-p65 heterodimers (Fig. 3c).
Anti-p50, anti-p65, anti-v-rel, and prebleed sera (Fig. 3c) .......
were kindly provided by Mark Hannink (University of .........
Missouri, Columbia, Mo.). Because the gels in Fig. 3a and b .... 0 2.6 0.5 2.9 01 66 0. ii
and Fig. 2 were run for a shorter length of time, the two b
bands indicated in Fig. 3c appear as one band in Fig. 3a and '"'," . .... , .
b and Fig. 2. ,hirL.i i.IJ.S% .,,.I.nd1NN Jurk..l|/,Cn5'. Jg Ct, I

To determine whether Nef-mediated inhibition of NF-KB- .
binding activity correlated with a decrease in transcriptional
activity, cells were transfected with DNA plasmids which 0 0
use the HIV-1 long terminal repeat to direct expression of a
heterologous gene product, CAT. Jurkat cells were trans- _ __ ___ - -

fected, as described above, with 15 jIg of the CAT constructs L 1 I I 1 V
indicated in Fig. 4. Following transfection, the cells were
maintained in growth medium for 24 h. Cells were or were
not treated with PHA-P (13 jig/ml) and PMA (75 ng/ml) and duio A - +. - .

incubated for an additional 18 h. Cell extracts were pre- p.,.
pared, and CAT activity was assessed by standard methods 0.3 3.1 0.3 1.5 0.2 0.3 0.2 0.2

(13). Extract equivalent to 3 x 106 cells was used for each ,NRE.-IIV-|-CAT J.-2-CAT

18-h reaction. CAT activity was in the linear range of
analysis with respect to extract amount and incubation time Jurka Jus1JLmN jurL1LfeN.!Ju1rka1 LN%.

(data not shown). CAT assays were normalized to a nonin-
duciblc control plasmid, RSV-CAT (12) (2 ýig), which was r .
transfected in parallel with the HIV-1-CAT plasmids as air ,

described above. Assays were also normalized to proteinconcentrations as determined by Bradford reagent analysis ,, • 9 1
(Bio-Rad). The amount of CAT activity was quantitated by

excising the spots corresponding to the unacetylated and
acetylated forms of [1 Cjchloramphenicol and measuring
radioactivity in a liquid scintillation counter. CAT activity is
expressed as the percentage of radioactivity in the acetylatcd .2 ,,, .2 4.7 I0.04 0.3 .1.0; 0.0

forms compared with the sum of that of the acetylatcd and FIG. 4. (AT assays of extracts from cells transiently transtCcted

unacetylated forms. The wild-type HIV-1-CAT (CD12-CAT with IIl--AT and IL-2-CAI [)NA plasmids. J25 1a) and Jurkat
wats derived by a small deletion in the nef coding sequence l(i-1 (b) cells were tratisfected with the ('AT corstructs ,is indicated

upstream of the lone terminal repeat start site of clone ahove each panel. Cells were not induced ( -- ) or e rce induced +)

C15-CAT 121), and mutant NF-KB HIV-1-CAT (23) and withll'I 1A and PrIA. (AT activity wa- determined y convcersion of

IL-2-CAT (31) plasmids were gcncr•,iisly provided by Steven Un acCtylated I' chloranphenicii (CN) it moicet kited torms

Josephs. Gary Nabcl, and Gerald Crabtree, respectively. JA(C), fhese data represent at Icast three indcpendcnt experiments.

6NRE-1 IIV-1-CAT was generated by excising the Aval-At,al
fragment from C15-CAT (2) and therefore lacks the negative
regulatory element sequences present in C15-CAT. the Jurkati/l.elfSN cells comprmcd with thal in the Jurkat

CAT activity corrcl!tcd well with DNA-binding activity in LtenSN cells (Fig. 41"). This inhibition was demonstrated
that 133 cells exhibited a capacity to induce (AT activity with both wild-type IIIV-l-CAT and the nlgativc regulatory
that was fivefold less than that of 22F6 cells (Fig. 4 a). element deletion clone. ?iNRE-ilIV-1-('A1'. whic., :,,-ks
Similarly, CAT i ctivity induction was suppressed twolold in nuclcotidc,, -453 to 156 of the IIIVA lol,-' terninal t'pCi1'.
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(Fig. 4a and b). This result suggests that negative regulatory expression of viral gene products in infected cell,,. thereby,
clement sequences arc not primary targets of Ncf reiculation allowing the cells to evade clearance by the cellular and
in stimulated T cells. An HIly-i-CAT piasmid containing humoral arms of thc immune response. This model for
mutated NE-KB3 sequences (23) was induced, at most, only Ncf-mediatcd viral persistence in vivo may be consistent
twofold above basal levels, and induction was indepcndcnt with the results of Kcstlcr ci, al.. w~hich demonstratcd that
of cell type and Ncf expression (Fig. 4a and b). the presence of an intact nef gene Was required to prolong

The importance of NE-KB3 with respect to the induction of simian immunoiaeficieincy virus infection and induce patho-
IL-2 by T-cell mitogens was demonstrated by Hoyos et al. genesis in infected macaqucs (18). Furthermore, we and
(17). These authors showed that the induction of CAT others demonstrated that simiiain immunodeficiency virus
activity was prevented up to 80% with I[-2-CAT constructs Nef inhibited simian immunodeficiency virus replication in
bearing mutations in the NF-KB3 site compared with that of vitro in a way that was analogous to the way in which HJIV-1
IL-2-CAT constructs containing wild-type NF-K13 recogni- Nef inhibited HIV-1 (4, 24). It is possible that high-level %,f
tion sequences (17). As previously reported (21). we found expression early after infection (28) is sufficient to maintain
that Nef profoundly suppressed the induction of CAT activ- l-IIV-1 in a relatively latent state, which may be critical for
ity directed by the IL-2-CAT plasmid in the 133 cells (Fig. establishing a reservoir of HIV-1-infectedý cells and the
4a). Whereas there was a 50- to 60-fold induction of CAT eventual development of AIDS.
activity in the 22F6 cells, there was only a 2- to 3-fold
induction in the 133 cells (Fig. 4a). Although NE-KB appears We thank Lisa Westfield and Evan Sadler for oflig-on ucleot ides.
to play an important role in IL.-2 induction, it is possible that Jason Kiniata for helpful discussions, and Alec Cheng for excellent
Nef blocks other factors in addition to NF-KB which may be technical advice.

requredfor he fficentindctio ofIL-2gen expesson. This work was supported by Public Health Service grant A124'745
and U.S. Army grant DAMD-17-911C-f1125 to L.R., National Insti-

This possibility may explain the dramatic suppressive effect lute of Health training grant IIL-070f88-17 to T.M.J.N.. American
of Nef on I L-2 indu~ction compared with the results of Hoyos Federation for AIDS Research grant 140)5 to J.V.(3.. arid the
et al. (17). CAT actiý. .ty generated by the IL-2-CAT con- Washington Unive rsity Medical Scientist Training Program to
struct was induced to a much lower extent in the Jurkat E6-1 T.M.J.N. L.R. is an American Cancer Society research professor.
cells. Thiis result is likely due to differences that exist
between Jurkat E6-1 and J25 cc'.s. Despite the low level of REFERENCES
induction of the IL-2 promoter in th2 jurkat E6-1 cells, CAT i. Ahmad, N., and S. Venkatesan. 1988. Nef protein of HIV-1 is a
activity was higher in the Jurkat/LfenSN cells than in the trinscriptional repressor of HIV-1 LTR. Science 241:1481-
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The human immunodeficiency virus type 1 long terminal repeat, HIV-1 -LTR, contains binding sites for several cellular
transcription factors which contribute to HIV-1 gene expression. Our previous studies on the function of the HIV-1-en-
coded Nef protein suggested that Nef may be an inhibitor HIV-1 transcription. To determine whether Nef affects the
binding of cellular factors implicated in HIV-1 regulation, 32P-labeled oligonucleotides corresponding to the binding

sites were incubated with nuclear extracts prepared from Nef-expressing T-cell lines that were not stimulated or were
stimulated with T-cell mitogens. We found that Nef inhibited the recruitment of AP-1 DNA-binding activity in mitogen-
stimulated human T-cells. Additionally, Nef expressing cells were transiently transfected with a placmid in which HIV-1
AP-1 DNA recognition sequences were cloned downstream of the chloramphenicol acetyltransferase (CAT) gene.
Mitogen-mediated transcriptional activation of the CAT gene in this construct was inhibited in Nef-expressing cells but
not in control cells. These studies suggest that, by inhibiting AP-1 activation, Net may play a role in regulating HIV-1
gene expression in infected T-cells. 0 1993 Academic Press. Inc.

The human immunodeficiency virus type 1 long ter- the HIV-1-LTR and the IL-2 promot,-r contain binding
minal repeat, HIV-1-LTR, contains two adjacent AP-1 sites for the T-cell activation-associated transcription
binding sites and three intragenic AP-1 sites are 1o- factors, AP-1 and NF-kB.
cated within the polgene (1, 2). The AP-1 DNA-binding In order to elucidate the mechanism underlying
complex is composed of homo- and heterodimers of Nef's negative effects on HIV-1 and IL-2 transcription
the c-fos and c-jun family of transcription factors (3) in T-cells, we examined the binding of cellular tran-

* which dimerize by interdigitation of hydrophobic a-he- scription factors with recognition sites in the HIV-1-
lices, called 'eucine-zippers (4). The consensus DNA LTR in the presence and absence of Nef. In these stud-
recognition site for AP-1 is TGACTCA (5-7) and this ies, we used ihe Jurkat (J25) human T-cell clone 133,
sequence has also been shown to confer phorbol ester which stably expresses the Nef protein derived from
inducibility (8). c-fos and c-Jun mRNAs are induced in the HIV-1 isolate NL-43 (25). As a control, we used a
T-cells by the lectin phytohemagglutinin (9) (PHA), the G418-resistant, Jurkat 25 clone, 22F6, which does not
calcium ionophore A23187 (10), and the phorbol ester, contain any HIV-1 sequences and does not express
phorbol-12-myristate-13-acetate (PMA) (8). AP-1 can Nef (25). Additionally, we used oligoclonal HPB-ALL
serve as both a positive and a negative regulator with human T-cells stably transduced with a recombinant
respect to the expression of a variety of genes under retrovirus expressing the nef gene, derived from the
different conditions ( 1-15). HIV-1 isolate SF-2, either in the correct orientation,

It has been reported that the product of the nef gene HPB-ALL/LnefSNS1 cells, or the reverse orientation,
of HIV-1 and SIV could function as a negative regulator HPB-ALL/LfenSN cells, with respect to the Moloney
of virus replication (16-22). Furthermore, we found that murine leukemia virus promoter (26). Nef was ex-
Nef could function as a viral transcriptional inhibitor pressed to a high degree in the Jurkat 133 cells and the
(16, 17). This result was confirmed by other investiga- HPB-ALLILnefSNS 1 cells, but was not produced in the
tors (18, 19) although, not by all investigators (23, 24). Jurkat 22F6 cells or the HPB-ALL/LfenSN cells as de-
Recently, Luria et al. showed that Nef, stably ex- termined by Western blot and immunoprecipitation
pressed in Jurkat human T-cell clones, prevented the analysis (Ref. 33 and data not shown). The HPB-ALL
transcriptional activation of the interleukin-2 (IL-2) gene cells, in contrast to the Jurkat cells, represent a mixed
(25). IL-2 is a critical T-cell proliferation factor and population of cells expressing Nef and thus do not suf-
serves as a marker for T-cell activation. Interestingly, fer from the potential limitation that Nef-mediated ef-

fects observed in the Jurkat cells are a result of cloning.
To whom reprint requests should be addressed at Washington However, the advantage of the clonal Jurkat 133 cells

University School of Medicine. 660 S. Euclid Ave., Box 8125, St. is that Nef is expressed in every cell, possibly magnify-
Louis, MO 63110. ing the effects exerted by Nef. It is noteworthy that the
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FIG. 1. Gel shift analysis of AP-1 DNA binding activity in extracts prepared from Jurkat 25 cells. Cells were stimtolqted with PHA-P (13 pg/mi.
ISIGMA]) and PMA (75 ng/ml, Sigma) for 0. 40, 80, 120, or 240 min. Oligonucleotide probes used for binding are b•,ecified on the top of each
panel. A indicates the inducible AP- 1/DNA complexes. S and P represent SP- 1 -specific binding and free probe, respectively. SP- 1 binding served
as a control for extract quality and specificity of Nef-mediated effects. Cold indicates that 1 00-fold molar excess of unlabeled DNA was added for
competition. Methods: Cells were maintained in logarithmic growth in RPMI 1640 medium supplemented with 10% fetal calf serum and 2 mM
glutamine. Nuclear extracts were prepared from 5 x 107 cells using a modified version of the method of Dignam et al. (36) as adapted by
Montminy and Bilezikjian (37). Following ammonium sulfate precipitation, nuclear proteins were resuspended in 100 Ml of 20 mM HEPES (pH

"0 7.9), 20 mM KCI, 1 mM MgCI2, 2 mM OTT, and 17% glycerol (38) with the addition of 10 mM NaF, 0. 1 mM sodium vanadate, and 50 mM
"#f-glycerol-phosphate. Binding reactions contained 2 M1 (2 ,•g) of nuclear extract, 2 ,g poly(dl-dC) (Pharmacia), 100-fold molar excess of unlabeled
intragenic AP-1 mutant oligonucleotide (GATCTCAAAGCGGATATCAGCTGGTTAATCAAATAAT), and 20-40,000 cpm of end-labeled oligonu-
cleotide probe, in DNA binding buffer (39), in a final volume of 22 ul. Reactions were performed at 30' for 30 min, immediately loaded onto a 4.5%
polyacrylamide gel using 0.5X TBE, and run at 200 V Oligonucleotides used were as follows: AP-1, CAGGGCCAGGAGTCAGATATCCACTGA-
CCTTTGGATGGTGCT; SP-1, CAGGGAGGCGTGGCCTGGGCGGGACTGGGGAGTGGCGTCC. All DNA probes were gel purified and end-labeled
with [•y-)P]ATP. The intensity of indicated bands was determined by laser densitometry scanning. There was a linear relationship between the
amount of extract used and the DNA binding activity. Nuclear extract preparations ano binding reactions were repeated on three separate
occasions with similar results.

doubling times for the Nef expressing and the control the major inducible complex (Fig. 1). However, an oligo-
cells were indistinguishable and no gross morphologic nucleotide with three nucleotide substitutions in the
differences between the cells were noted either prior to AP- 1 recognition site did not compete away the induc-
or post-stimulation. ible complex, and we included a 100-fold excess of the

Gel shift analyses were performed with nuclear ex- unlabeled mutant AP-1 oligonucleotide in all binding
tracts prepared from cells that were not stimulated, or reactions as a non-specific inhibitor.
were stimulated, with the T-cell mitogen, phytohe- The presenceoftheconstitutiveAP-1/DNAcomplex
magglutinin (PHA-P) and the protein kinase C (PKC) (the slowest migrating complex in Fig. 1) was mini-
activator, PMA. Nuclear extracts were incubated with mally, if at all, affected by Net and may be due to the
a "P-labeled oligonucleotide corresponding to the constant presence of serum in the cell growth media
HIV 1 AP-1 DNA recognition sites (1). In the parental (27). Moreover, this complex was not inducible (Fig.
22F6 Jurkat cells, an induced AP-1/DNA complex, 3b). In addition, the constitutively active transcription
which was not present in unstimulated cells, was de- factor SP-1 was not affected by the presence or ab-
"'wted between 1 and 2 hr post-stimulation and was sence of Net and was used as a control for extract
tiridant 4 hr post-stimulation (Fig. 1). In contrast, the quality (Fig. 1). Therefore, Net inhibited the inducible
, of the same AP- 1/DNA complex was inhib- AP- 1/DNA complexes specifically.

* (J fivefold at 2 hr and ninefold at 4 hr in the Net ex- Gel shift analysis with extracts prepared from stimu-
ri r�i,•I•i 1 33 cells compared to the 22F6 cells (Fig. 1). lated and unstimulated HPB ALL cells aftfoided results

"l,. Iddlor) ()1 t00 fold molar excess of unlabeled AP- similar to those obtained with the Jurkat cells (Fig. 2).
; si('(.ic Oliqonticleotide inhibited the appearance of However, in contrast to the Jurkat cells, the mitogen-in

.........
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FIG. 2. Gel shift analysis of nuclear extracts prepared from HPB-ALL cells that were not stimulated (-) or were stimulated with (+) with PHA (13
,g/ml) and PMA (75 ng/ml) for 4 hr. The labeled oligonucleotide probe used is indicated above each panel. The A's indicate inducible AP- 1/DNA (
complexes and P represents free probe. Methods: Nuclear extract preparations and DNA-binding reactions were performed as described in Fig.
1. For the USF probe, we used an oligonucleotide corresponding to nucleotides -159 to -173 of the HIV-1 LTR (40), GCCGCTAGCATTTCATCA-
CGTGGCCCGAGAGCTGC. Experiments were repeated three times with similar results.

ducible AP-1/DNA complexes were present in the un- maximal with PHA treatment alone and the addition of

stimulated cells as well as in the stimulated cells. PMA did not significantly increase AP-I/DNA complex
Whereas the stimulatable AP-1/DNA complexes in the formation. The level of inducible AP-1 activity was 18-
HPB-ALLLfenSN cells were induced approximately fold higher in the 22F6 cells compared to the Nef ex-
fivefold after 4 hr of PHA and PMA treatment, there pressing 133 cells with PHA alone (Fig. 3a). PMA alone
was no significant induction of these complexes in the only slightly induced AP-1 activity in the 22F6 cells,
HPB-ALL/LnefSNS1 cells (Fig. 2). :n this experiment, however, no detectable AP-1 activity was observed in
the amount of AP-1 activity in unstimulated HPB-ALU the 133 cells treated with PMA alone (Fig. 3a). lonomy-
LfenSN cells was lower than the HPB-ALL/LnefSNS 1 cin alone was not sufficient to elicit AP-1 recruitment in

cells; however, this was not a consistent finding (un- either cell line (Fig. 3a).
published results). In this experiment, we included an- T-cell activation is mediated by increased Ca 2

1 influx

other Nef non-responsive transcription factor, USF, to and PKC activation which both occur as a conse

demonstrate the specificity of Nef action and the integ- quence of phospholipase-C activation by the T-cell re-
rity of the extract. the apparent difference in migration ceptor (TCR) complex (28). Treatment of the Jurkat
of the major inducible AP- I/DNA complexes between cells with a combination of ionomycin and PMA, which
the HPB-ALL and the Jurkat cells probably reflects dif- both bypass the TCR complex, led to significant re-
ferences that exist between the different T-cell lines. cruitment of AP- 1 activity, albeit 2.5-fold less efficiently

Previous studies indicated that c-fos expression is than PHA alone. Whereas there was an 18-fold higher
induced by PHA (9), the calcium ionophore A23187 level of induced AP-1 DNA-binding activity in the 22F6
(10), and PMA (8). In order to determine the signaling cells compared to the 133 cells using PHA alone, there
pathway required to recruit AP-1 DNA-binding activity, was only a 3-fold difference using the combination of (
we assessed the role of PHA, PMA, and the calcium ionomycin and PMA. Since PHA mimics the normal
ionophore, ionomycin, alone or in combination (Fig. activation signal (i.e., antigen binding to the TCR) of

3a). Interestingly, the recruitment of AP 1 activity was T cells (29), it appeared that Nef exerted its effects pri-
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FIG. 3. (a) Gel shift analysis of nuclear extracts prepared from Jurkat 25 22F`6 arid 133 cells, St1nimohte(1 o rr 4 hr with either PHA-P (Hý, PMA (M),
or ionomycin, 2 1,M (Sigma), (1), or combinations of any two m-itogeris A. S, arid P indicate AP t specifiý t~ridinq SP I specific cinring, arid free
probe, respectively (b) Jurkat 221`6 cells were i) or were not treated! (- , ith cyciohexirnide (20,qt-l o')i S ma! for 30 min prior to stmr)J'atjon for 4
hr with PHA P arid PMA The labeled oligonijCleotidle used is indicate;! on the side of eacfi parir A, A, USP, and ni s indi atý- ntitiitive
AP I1/DNA comnple-X, inijicible AP I1/DNA complex, USP-specific, cornl~lex, and rot specific., re.spectv1 Is he 'cold DNA'' indiuaes thiat I 00
hil I molar elxcf-ss oIf uinlabeled 01 gonuclebitd id(thle so roe of IgOnUccl ýOtldo a sd as the probe) vviý use ,1 a non -Specific com petr to cl Ni cloar
eýxtracts from t133 (.ells (lones 1, 7. 8) or 22F6 c,-ells lane~s 2 6, 8) i,)re Prii(;ubated with 4 pl of the s4ta fied antisera for 30 min befc-e the AP 1
DrJA probe vwas addeýd The total volurni o; binding reaction ,vas 50 MI. andj this entire voltilne we,ý appledl to, the gel Metn.ýIS Nuclear
'I/trrct prfetaraliors and DNA binding reactaric were describe~d in Fiq I Anti l Ios and oriti c Iun ar itr 0sues werw Dbtairned tre'' -- ,n PCirran

heir,tilipte tIhe anti Nef mera was, fromn ý, rafbilj anid vwi;:- ij--j s-I Oatn~aivo ioitriil iiitibod\-A lrl~y (although not exclusively) on TCR-initiated sig- new/ protein synthesis, cyclohexitride wýas added 30-tjling, as has been suggested previously (25). rnin before mitogen treatment. That cycloheximtde
To determine Whether the recri-tiitnent of AP- 1 activ treatment inhibited tlIt reýcruitment of AP( 11 ctivity'

dty required The activation of preexistirtq complexes, or Siojet hatj (o n0(-w protein synthesis-' misct hie itt
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volved (Fig. 3b). This result was consistent with the col acetyltranferase (CAT) activity in T-cells, and was

observation that 2 hr of stimulation were required be- not inducible in T-cells following treatment with T-cell

fore significant recruitment of AP-1 DNA-binding activ- mitogens (data not shown).,4

ity (Fig. 1). Thus, it is conceivable that Nef inhibits c-fos The pCAT-IG-AP1 and pCAT-MIG-AP1 constructs
and/or c-jun transcription. Alternatively, Nef may affect were transiently transfected into the Jurkat 22F6 and
the expression of another factor which inhibits AP-1 133 cells, as well as Jurkat 25 clone 22D8 cells. The
activity. 22D8 cells represent a distinct clonal cell line which,

Tc identify the po'ypcptides present in the inducible like the 133 cells, also stably express the nef gene from

AP-1 complex, we incubated nuclear extracts derived HIV-1 isolate NL-43 (25). Transiently transfected cells
from the 22F6 cells with an anti-c-Fos and anti-c-Jun were either not stimulated or were stimulated with PHA

antibody, individually or in combination, prior to the ad- and PMA for 18 hr and CAT activity was then mea-

dition of labeled oligonucleotides (Fig. 3c). Antisera to sured. CAT activity in transfected cells was relatively
c-Fos or c-Jun inhibited complex formation approxi low, between 1 and 30/% conversion to acetylated prod-
mately 3-fold (lanes 3 and 4 compared to lane 2) and, in ucts. However, we found an average-fold induction in

combination, inhibited complex formation 7-fold (lane 5 CAT activity of 3.6 ± 0.4 in the 22F6 cells transfected
compared to lane 2), suggesting the presence of c-Fos with the pCAT-IG-AP1 plasmid, compared to an aver-

and c-Jun in the complex. However, these antibodies age-fold induction of 1.4 ± 0.2 in the 133 cells and no
did not cause a supershift, presumably because anti- induction in the 22D8 cells (Fig. 4). Transfection effi-

body binding to c-Fos and c-Jun caused conforma- ciencies were higher in the Nef-expressing cells and
tional changes which are not permissive for DNA bind- were determined by parallel transfections with non-Nef
ing activity. In these experiments, an anti-Nef antibody responsive promoters including Rnus sarcoma virus-

was used as a negative control (lane 6 compared to CAT, cytomegalovirus-CAT, and simian polyoma virus

lane 2). 40-CAT (data not shown). These determinations were

Additional experiments were performed to exclude statistically significant, with 95% confidence intervals,

the possibility that Nef directly inhibits AP-I binding toDNAor hatNef ndues secnday cmponnt hat with respect to fold induction, of 2.8-4.4 for the 22F6
iNterferes witha Neinducex fationd (Fig.3cmpnnt tati cells, 1.0-1.8 for the 133 cells, and 0.9-1.1 for the
interferes wrth complex formation (Fig. 3c). An anti- 22D8 cells. Using a Mann-Whitney U test analysis, the
body to Nef did not relieve the inhibition of AP-1i probability that there is no difference in the fold induc-
ment in 133 cells (compare lane 7 to lane 1). Moreover, tio between the 22F6 cells and the 133 and 22D8

mixing nuclear extracts from 133 and 22F6 cells did cellsbisw1en a 1000 cAT actvi was n nd in

not result in inhibition of AP-1 activity compared to that cells ts w th pCA M onstruct,

seen in extracts from 22F6 cells alone (compare lane 8 catin that teitegrity the AR-i steunth

to lane 2). indicating that the integritv of the AP-1 site in the in-

Previous studies iidicateo that the binding of AP-1 serted oligonucleotide was essential. Thus, Nef-me-

to the HIV-1-LTR AP-1 recognition sites plays little, if diated inhibition of AP-1 DNA-binding activity pre-

any, role in affecting transcriptional activity (2, 30). vented AP-i-mediated transcriptional activation.

Zeichner and co-workers generated several HIV-1- What role AP-1 plays with respect to HIV-1 regula-

LTR-CAT linker-scanning mutants in the region of the tion is unclear. Nef could inhibit AP- I -mediated activa-

APR1 recognition sites and transfected the mutant tion of HIV-1 directly, by preventing the interaction of

plasmids into Jurkat cells (30). There were no signifi- AP-1 with the intragenic enhancer in the pol gene. In

cant differences in CAT activity between the wild-type addition, by inhibiting AP-1 recruitment during T-cell

HIV- 1 -LTR CAT plasmid and the AP- 1 mutant plasmids activation, Nef may affect the regulation of AP-, -acti-

in cells that were or were not stimulated with PHA and vated cellular genes. Effects on such cellular genes

PMA (30). may alter the cellular environment, positively or nega-

However, the intragenic AP- 1 recognition sites were tively, which may indirectly affect HIV- 1 replication. For

capable of mediating transcriptional activation follow- example, the finding that c-Fos and c-Jun are early re-

ing phorbol ester treatment (2). Therefore, we cloned a sponse mediators of T-cell activation (9), coupled with

synthetic oligonucleotide, corresponding to the two the observation that HIV-1 cannot replicate in resting,

adjacent AP- 1 sites within the pol gene (2) or an oligo- unactivated T cells (31, 32), presents a scenario for

nucleotide which contained three 2ucleotide substitu- indirect effects of Net on HIV-1 expression.

tions in these AP I consensus sites, into the polylinker In addition to mediating the suppression of AP- 1 re-

of the enhancerless pCAT promoter plasmid (Pro- cruitment, we found that Nef also inhibited the mito-
mega). These plasmids were called pCAT-fG-API and gen-mediated induction of NF-kB (33). NF-kB, like AP-

pCAT-MIG-AP , respectively. The pCAT promoter con- 1, is an early response effector of T-cell activation 1.34)
struct, in the absence of the AP 1 sites, contains the arid has been shown to be an irnportant activator of

SV40 core promoter, afforded low basal rhlorampheni- HIV 1 replication in stinulated Tcells (35) Thus, Net-
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VPX is a 16 kDa accessory protein expressed in cells infected with HIV-2 and most SlY strains and is packaged into

virus particles. In order to define the requirements for incorporation of VPX into virions, VPX and HIV-2 GAG-POL were

expressed independently from a vaccinia virus-based transient expression system. Under these conditions, VPX was
exported from transfected cells only when coexpressed with the HIV-2 GAG-POL plasmid. A 27 kDa protein coprecipi-

tating with VPX was found to have an identical electrophoretic mobility as the GAG capsid protein, and reacted with an
anti-GAG antiserum. Coexpression of VPX and GAG-POL resulted in virus-like particles containing both proteins, as
determined by sucrose gradient analysns. Expression of VPX and HIV-2 GAG without POL gave similar results. VPX

association with HIV-2 GAG p27 capsid protein was specific, since no association was found with the HIV-1 GAG
p25/p2

4 
capsid protein. r 1994 Academic Press. Inc.

Vpx and vpr are homologous genes found in human moter and an encephalomyocarditis 5' untranslated
and simian immunodeficiency viruses (SIV) (1). The vpr sequence to enhance CAP-independent protein syn-
qene is found in all of these lentiviruses, while the vpx thesis. The gag and pol genes of HIV-2 were cloned
gene is only found in HIV-2, SIVmc, SIVmnd, and SIVsmm. between the Ncol and Sacl sites of pTM3 to produce
The protein products (VPR and VPX) are similar in mo- clone pTMGP2. These plasmids were then transfected
lecular mass (14-16 kDa, 96-112 amino acids) and into an African green monkey kidney cell line (BSC40)
demonstrate 26-39% amino acid sequence identity. which had first been infected with a vaccinia virus ex-

* The function of the vpx protein product is unknown. pressing the T7 polymerase (VTF7-3) (9). The trans-
Though vpx is dispensable for virus replication in T lym- fected cells were labeled with Trans[I5 Sllabel (ICN) and
phoid cell lines, replication is accelerated by the pres- the labeled cell-associated (Fig. 1 A) and conditioned
ence of vpx (2-4). The magnitude of enhancement of media-associated proteins (Fig. 1 B) were immunopre-
virus replication appears to be greatest in primary lym- cipitated with anti-VPX (odd-numbered lanes) and anti-
phocytes and macrophages (5, 6). The vpx product ap- HIV2 GAG antisera (even-numbered lanes).
pears to act at an early step in virus replication prior to Cells transfected with pTMX contained a labeled
reverse transcription (7). product of 16 kDa (Fig. I A, lane 3) that was not found in

The vpx gene product is packaped in the virion, re- pTM3 or pTMGP2 transfected cells (lanes 1 and 5, re-
sulting in a 1: 1 stoichiometry with the GAG p27 protein spectively). Cells transfected with pTMGP2 contained
(8). Moreover, VPX may be an RNA binding protein (8). protein products of 44, 27, and 25 kDa (lane 6). The 44-
However, the mechanism of virion packaging of VPX and 25-kDa proteins were not detected in cells trans-
and the localization of VPX within the virion have not fected with pTM3 (lanes 1 and 2) or pTMX (lanes 3 and
been defined and are the focus of the current study. 4), while a cellular protein reacting nonspecifically with

To examine the requirements for VPX and GAG-POL the anti-GAG and anti-VPX antisera and coelectrophor-
association, we expressed the protein products sepa- esing with the 27-kDa protein is evident in the control
rately or together in a vaccinia virus expression sys- samples (lanes 1 -5). The 44-kDa product is most likely
tem. For this purpose, the HIV-2 vpx gene was ampli- a partially cleaved GAG product which includes the N-
fied by the polymerase chain amplification reaction terminal p17 matrix residues and the p27 sequences.
(PCR) and cloned between the Ncol and Sacl sites of The 27- and 25-kDa products are probably two iso
pTM3 (9), and the resultant plasmid was designated forms of the HiV-2 uapsid protein, as has been prey-
pTMX. This plasmid includes a T7 polymerase pro- ously reported (10-12). Two isoforms of the HIVi cap-

sid protein have also been described which have elec

To whom corresronodence and reprint requests shoulJ be ad- trophoretic mobilities equivalent to 25- and 24-kDa

dressed at Box 8125, 660 S. Euclid, Washington UniviŽrslsy. St proteins (13). It is also notable that the anti-VPX and. iis, Missouri 631 10 Teiephone 3t4 362 8836 TePetax 314 d- ,, o;,-..6 •J , vidence of serological
362 8826 cross-reactivity (lanes 4 and 5) Cotransfection of
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FIG. 1. Association of recombinant vaccinia virus expressed VPX with GAG p27. BSC40 cells were cotransfected 1 hr after infection with

VTF7-3 with 20 Mg of pTM3 (lanes 1. 2.9. 10), pTMX (lanes 3, 4. 11, 12. 17. 18), pTMGP2 (lanes 5,6. 13. 14), pTMX and pTMGP2 (lanes 7.8. 15.

16, 19, 20). pTMX and pTMG2 (lanes 21, 22), or pTMX and pTMGPr2 (lanes 23. 24). The calcium phosphate precipitation method was used for

1, ansfecrion for (A) and (B) and the lipofectin transfection method for (C), and equivalent amounts of DNA were transfected in each case (with the

addition of pTM3). After 3 hr of cultivation in DMEM supplemented with ;0% fetal calf serum. 50 Imn-,l penicil:in, and 50 Mg/ml strepiomycin the

cells were plac.ed in medium lacking methionine and cysteine, and labeled for 16 hr with 100 jCi/ml TransferS]label (ICN). Samples of condi-

tioned medium (lanes 9-24) were cleared of cellular debris by centrifugation at 1000 rpm for 5 mm and then 0 1 vol of 10 x lysis buffer was

added Cells were washed with PBS and then PBS was added to the plates during scraping with a rubbur policema1. 0 1 vol of i 0x lysis buffer
was added and the cells were vortexed at 4' for 1 min. Nuclei were removed by centrifugation at 2000 rpm for 10 min Immunoprecipitation was

performed with a rabbit anti-Vpx antiserum (odd-numbered lanes) or a mouse monoclonal ant-HIV-2 GAG antiserum (even-numbered lanes;
provided by Dr. Paul Yoshihara through the NIH AIDS Reagent Repository). Immunoprecipitates were washed with I x lysis buffer three times

and then 30 ml of 2x sample buffer was added. Samples were treated at 1000 for 5 min and analyzed on 12% PAGE. Molecular weight markers

are indicated (M) and the sizes are listed on the right of the figure in kDa.

BSC40 cells with pTMX and pTMGP2 resulted in the (Fig. 1 C, lanes 17 and 18), pTMGP2 (lanes 19 and 20),

expression of both the 16-kDa VPX product (Fig. 1A, or an expression clone for HIV-2 gag only, pTMG2

lane 7) and the 44-, 27-, and 25-kDa GAG products (lanes 21 and 22). Alternatively, pTMX was cotrans-

(lane 8). fected with an expression clone for HIV-2 gag and pro-

Analysis of the conditioned media from the vaccinia tease products only, pTMGPr2 (lanes 23 and 24).

virus infected and transfected BSC40 cells demon- pTMG2 and pTMGPr2 were constructed from PCR

strated no detectable VPX protein when pTMX was products of HIV-2 nucleotides 540-21 13 and 540-

transfected alone (lane 1 1). However, expression of 2669, respectively, and cloned between the Ncol and

pTMGP2 resulted in expression in the medium of the EcoRI sites of pTM3.

27- and 25-kDa GAG proteins (lane 14). These proteins As in the previous experiments (Fig. 1 B), expression

showed no reactivity with the anti-VPX antiserum (lane of pTMX without gag products did not result in the

13). When cells were cotransfected with pTMX and release of VPX into the conditioned media (Fig, 1C,

pTMGP2, VPX was detectable in the medium (lane 15). lane 17). Coexpression of pTMX with pTMGP2 re-

This suggests that expression of GAG and/or POL pro- suited in release from the cell of GAG p27, a smaller

(eins are required for the export of VPX from Trans- amount of GAG p55, and VPX (p16, Fig. 1C, lanes 19

fected cells. Furthermore, exposure of the conditioned and 20). Coexpression of pTMX with pTMG2 resulted

media to the anti-VPX antiserum resulted in coprecipi- in the release from the cell of GAG p55., but not GAG

lation of the GAG p27 protein (lane 15). This provwaes p27 (Fig. IC, lane 22), as expected, since the viral pro-

evidence f-r associathon of the p)7 GAG protein and lease was deleted from this expression clone. VPX

p16 VPX protein. However, very little 16 kDa protein was exported with GAG p55 in this experrment (Fig
(oimmunoprecipitated with the 2? kDa protein when 10, lane 2 1). Coexpression of pTMX with pTMGPr2

anti GAG antiserum was userd (lane 16). Diflerences in resulted in the release from the cell of GAG p27. j

the abhility of the anf VPX aril anti GAG antisera in pre smaller amount of GAG p55, arid VPX (Fig. 1C, la'es

cipitating ther GAG VPX complex may he due to mask- 23 and 24). In each case in which V12X was released 0
ing of the anti GAG epitope by VPX from the cell, w1munopieclipitation of Vi 'X with Thi, anti

Ti) det(rmilne if po/ prodiJs;• ate. requited ft)t \.PX VPX altiserutr remulled in i:oprecipitation of proteins
xtfrort, p-MX wav, r;otransf(ectcid with oither ;iTM,? w:th identical electrophoretic. rnhil-ties tw thri,•., (,.f tit, I
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a b luted in lysis buffer, and reimmunoprecipitated with the
Iminunoblot Analysis Immunoprecipitation Analysis anti-VPX antiserum (Fig. 2b). The products of the firstV[IMX pjMt.f 2 pTMX,

RYMP immuinoprecipitation included both the 16- and 27-kDa
X C X C X ( Antiboly for 1st 2nd Immunoprecipitaton proteins (lane 1), whereas after dissociation of the

4"N i complex, only the 1 6-kDa protein was immunoprecipi-
"n2t tated (lane 2). This provided evidence that the 27-kDa

p2 protein lacks an epitope reactive with the anti-VPX an-

R4 - p16 fiserum, in agreement with the previous findings (Fig.

1 2 3 4 5 6 1 2 1). Thus, immunoprecipitation of the 27-kDa protein
with the anti-VPX antiserum (Fig. 2b, lane 1) must be aFIG:. 2. Immunological characterization of the 27-kDa protein co- result of an association with VPX.

precipitating with VPX. (a) Anti-VPX (lanes 1, 3, 5) and anti-GAG imn

munoprecipitates (lanes 2, 4, 6) of conditioned media from cell. In order to determine if the VPX and GAG proteins
transfected with pTIMX (lanes t, 2), pTMGP2 (lanes 3, 4), or both exported from transfected cells were associatcd .%-d*h
plasmids (lanes 5, 6) were analyzed by SDS-PAGE and immunoblot- virus-like particles, sucrose gradient analyses were un-
ted with the anti-GAG antiserum. Detection was with the horserad- dertaken (Fig. 3), Proteins released from metabolically
ish peroxidase-coupled anti-mouse antibody, followed by enhanced
chemiluminescence detection (ECL, Amersham). The specific 27- labeled VTF7-3 infected cells transfected with pTMX,
kDa protein is indicated to the right. (b) Anti-VPX immunoprecipitates pTMGP2, or both plasmids were sedimented through a
from Transf"SSllabeled cells cotransfected with pTMX and pTMGP2 20% sucrose cushion and analyzed on 20-60% (w/v)
werc analyzed by immunoprecipitation with the anti-VPX antiserum sucrose gradients. Each fraction was concentrated
with (lane 2) or without (lane 1) solubilization in 2x sample buffer, with 10% (w/v) trichloracetic acid and analyzed by
dilution in 1 ml lysis buffer, and repeat immunoprecipitation with the
anti-VPX antiserum SDS-PAGE (Fig. 3). Fraction 9 represented the peak

fraction, at density 1.142, for both the 16- and 27-kDa

GAG protein products (p27 or p55, Fig. 1 C, lanes 19, proteins (Figs. 3b and 3c). Immunoprecipitation of frac-
tion 9 from pTMGP2 transfected cells revealed no prod-

21. and 23). Thus, pol products are dispensabge for ucts reactive with anti-VPX antiserum and only the 27-
VPX export from the cell in the presence of gag prod- kDa capsid protein reactive with the anti-GAG anti-

S ucts.
To prove that the 27-Da protein coprecipitating with serum (not shown). Analysis of fraction 9 from cells

VPTo provesthat theV -kcapd protein, eoperrmei g witu cotransfected with pTMGP2 and pTMX demonstrated
VPXthe 16- and 27-kDa proteins after immunoprecipitation
noblots with the immunoprecipitated proteins (Fig. 2a). the 1 6 -and 27-kDa protein
Immunoprecipitates obtained with the rabbit anti-VPX withrthe anfi-VPX antiserumtandhtheti-GkGaaprotein
antiserum (lanes 1, 3, and 5) or the mouse anti-GAG after immunoprecipitation with the anti-GAG antiserum
antiserum (lanes 2, 4, and 6) were analyzed by SDS- (not shown). Immunoprecipitation of fraction 9 of su-PAGE, transferred to nitrocellulose, and blotted with crose gradients of particulate material from pTMX

the anti-GAG monoclonal antibody. Although back- transfected cells (Fig. 3a) using eother the anti-VPX an-
ground bands due to immunoglobulirs are noted, a
specific band of 27 kDa is recognized in the anti-VPX cle-associated viral proteins. This is consistent with

immunoprecipitate of conditioned medium from cells the previous finding (Fig. 1) that VPX is exported from

transfected with pTMGP2 and pTMX (lane 5) and anti- transfected cells only in the presence of GAG protein

GAG immunoprecipitates of conditioned media from expression.

cells transfected with pTMGP2 alone (lane 4) or cells Immunogold electron microscopy using anti-VPX
transfected with pTMGP2 and pTMX (lane 6). This pro antiserum confirmed the presence of VPX in particles

tein was not detected in the negative control lanes released from BSC40 cells cotransfected ,,ilh pTMX

(lanes 1 3). and pTMGP2. In these studies, gold pa-ucles were
Kappes et al. have recently described a 30-kDa pro- also seen overlying budding particles ai tne plasma

tein in HIV-2 particles reacting with anti-VPX antiserum membrane (not shown). No labelling cf 'ne plasma

(7). They suggested that this may represent a protein membrane was seen in cells that were transfected with
,vith VPX sequences fused to other viral sequences. To pTMX alone, or pTMGP2 alone.
exclude the possibility that the p27 protein expressed In order to examine the specificity of tMe interaction
in the vaccinia expression system described here is of the HIV2 p27 GAG protein and VPX, an exneriment
CI ich a fusion protein, experiments were performed to was performed to ask whether HIV! GAG protein asso-

S '3Issociate the p27 p16 complex. The anti-VPX irn- ciates with VPX (Fig. 4). For this purpose, we cloned
munoprecipitate from conditioned media of cells co- both the gag and pc! genes of HIVI into pTM3 at the
11rarsfected with pTMGP2 and pTMX was solubilized Ncol site in the polylinker in clone pTMGP1. A plasmid
hY heating at 1000 for 5 min in sample buffer (62.5 mM capable of expressing only the HIV 1 gag product was

1r1 l pH 6.8, 2%/ SIDS, 5% 2 mercaptoethanol), di- constructid from pTMGP I by introdiicinna ),frainestift
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FIG. 3. Sucrose gradient analysis of particles expressed from recombinant vaccinia virus infected cells. BSC40 cells were infecte, Trans
fected, and labeled with Trans[

3
Sjlabel as described in Fig. 1 legend. Cellular debris was removed from the conditioned media by centrifugation

at O000 rpm fc- 10 rr,- at 4'. Particles were concentrated by sedimentation through a 20% sucrose cushion prepared in PBS at 28.000 rpm for

90 min at 4' in a SW 28 t rotor. Particles were resuspended in 200 ,l PBS, layered on linear 20-60% sucrose gradients in PBS, and

centrifugation was performed in a SW28.1 rotor at 20,000 rpm for 16 hr at 4*. Fractions were removed from the bottom of the tube (a) Sucrose

gradient fractions from cells transfected with (a) pTMX. (b) pTMGP2, or (c) pTMX and pTMGP2 were precipitated with t0% trichloracetic acid

and analyzed by 12% SDS-PAGE. The densilometric analysis of the sucrose gradients is shown below each autoradiogram with the densities or

each fraction as determined by refractive indices. M indicates molecular weight markers, which are 30, 22, and 14 kDa in size.

mutation at the Bc/I site in the 5' portion of the po/gene 15). In contrast, coexpression of pTMX with pTMGP
and designated pTMG1. BSC40 cells transfected with (lane 14) or pTMG1 (lane 18) did not result in VPX ex-
pTMX with or without the GAG expression clones were port or coprecipitation with GAG (lanes 13 and 17).
labeled with Trans[35S]label and proteins in the cell ly- These data suggest that VPX associates srecifically
sate (not shown) and conditioned media (Fig. 4) were with HIV2 GAG products and not HIV1 GAG products
immunoprecipitated with anti-VPX or anti-GAG anti- The current study has examined the viral deterni,
sera. Cells transfected with pTMX alone or pTMX with nants required for VPX packaging. This work demon-
pTMGP1, pTMGP2, or pTMG1 expressed similar strates an association between GAG p27 and VPX.
amounts of VPX protein in the cell lysates (not shown). This may represent a direct interaction of the viral can-

Examination of the conditioned media demonstrated sid protein and VPX. Alternatively, an indirect assa
no VPX protein from cells transfected with pTMX alone tion through another factor is possible. Such a ' or
(Fig. 4, lane 6). Conditioned media from cells trans- could be RNA, in light of the previous report lhat VPX
fected with pTMGP1 alone show a predominant 25- binds RNA (8). HIV-2-specific viral RNA would not be
kDa product and smaller amounts of 24- and 41-kDa expected in the particles produced with the vaccinia
products (lane 7). Conditioned media from cells trans- virus ',uotor since thu presumed viral packaging se
fected with pTMGP2 alone show a 27-kDa product and quence is not included in the e2xpression plasmid
a smaller amo Jnt of the 25-kDa product (lane 9), as Some RNA species is present in the particle, as demon
previously demonstrated (Fig. i). Conditioned media strated by [3H]uridine labeing experiments a;: ýýj
from cells transfected with pTMG1 included a 55 kDa crose gradient analysis, but attempts to coprecipr'atvi
product (lane 1 1), representing the GAG precursor pro- RNA with VPX using anti-VPX antiserum wiere unsuc
tein which is not cleaved due to the absence f viral cessful (not shown). This suggests that there is not a

protease expression from this plasrnid, tiqht association of VPX with RNA in particles pr,:
Caxoxr,ýi• ,)' .f pTMX and pTMGP2 results -i VPX duced in this expression qvstom . The c" rrent d1til rh,

export inti thn conditioned media (Fig. 4, lane 16) as do not exclude the presence of additiona', •ral GA6
well a. GAG p27 expression (lane 15). Furthermore, proteins in the complex with VPX. I his must be exam 4
GAG p27 coprecipitates with VPX usinq the anti-VPX ined with additional specific antisera.
ari•t-,rurj (Litre 16). arid to a lesser degree VPX copre . he current findings demonstrale that expression oI
ciitatrg with C(-AG with the antl GAG antiv(rurn (lane, qacq i•i sflicient for incorporation of VPX into virus like
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FIG. 4. Specificity of VPX for association with HIV-2 GAG but not HIV. 1 GAG protein BSC40 cells were transfected with pTM3 (lanes 1 3),

pTMX (lanes 4 -6). pTMGPt1 (lanes 7, 8). pTMGP2 (lanes 9, 10), pTMGl (lanes 1 1, 12). pIMX and pT MGP I (lanes 13. 14), pIMX and pIMGP2
(lanes 15. 16), or pTMX and p1MG I (lanes 17. 18). Cells were transfected with equivalent amounts of DNA and labeled With Iransl3 1S] label. as
described in Fig. 1 legend. Sampies of conditioned media were immunoprecipitated with an anti-HIV- 1 GAG antiserum (lanes 1. 4, 7, 11. 13. 17-.
produced in rabbits with a recombinant protein provided by the NIH AIDS Reagent Repository through American Biotech), the anti-HIV-2 p24
antiserum (lanes 2, 5.9. 15), or the anti-VPX antiserum (lanes 3.,6. 8. 10. 12, 14, 16, 18). Samples were electrophoresed on SDS- PAGE andC . molecular weight standards (M( are shown on the right.

particips. Neither the envelope protein nor pot-en- 3 -..IFS, I C ,CONWAY, J. A , LEE, S.-W . SHAW. G. M., anid HAHN.
coded proteins are required for VPX packaging. B. H . Virology 184, 197 209 (1991).

The association of VPX and the GAG p27 protein and 4. MARcON. L., MICHAEL, F., HATTORI, N., FARGNOLi. K , GALLO,
the ncoporaionof VX i thevirs patices sgget aR, C.. and FRANcHINI, G., J Virot 65. 3938 -3942 (199 1).

theincrpoatin o VP inthevirs prtilessugesta . GuYADER. M , [MOIERMVAN, M , MONTAGNIER, L , and FEDt N, K.
role early in the virus life cycle for VPX. VPX may facili- EMBC) , 8, 1169 11 75 (1989)
tate the dissolution of the viral core in order for reverse 6 Yu, X F . Yu. 0 C . Fssrx. M ,and I FE. T H .1J Virol 65, 5088
transcription to occur. The exact mechanism of VPX 50910(991)
flinction remains to be defined. 7. KAPPPES, I C , PARKIN. J S . CONWAY, I A. Kim. J . Rpouiti-TTE.
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0
Myristoylation-Enhanced Binding of the HIV-1 Nef Protein to T Cell Skeletal Matrix
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The negative factor, Nef, of HIV-1 was found to associate to an extent of 16-42% with the detergent insoluble

cytoskeletal fraction of T lymphocytes. Furthermore, Escherichia co/i expressed Nef protein was found to bind during in
vitro reactions with the cytoskeletal matrix to an extent of 30-50%. Cytoskeletal association of Nef was significantly

enhanced by myristoylation. The specificity of the myristoylation-enhanced binding was demonstrated by the lack of an
effect of myristoylation on binding of the HIV-1 Gag protein to the cytoskeleton. Cytoskeletal binding was saturable,

and inhibited by high concentrations of sodium chloride, or with SDS or urea. Binding of Nef to the cytoskeletal matrix
may be important in mediating its effects on HIV-1 replication. (c 1993 Academic Press, Inc

The negative factor gene, nef, is present in all human examine the dependence of myristoylation for Nef bind-
and simian immunodeficiency viruses (1). The nef gene ing to the cell skeletal matrix.
product of HIV-1 is gtterally 25-27 kDa and 197-2 10 In order to examine the cellular localization of Nef,
amino acid long, whereas the nef gene products of we used a JURKAT 25 cell clone resulting from stable
HIV-2 and SIVs are generally 32 kDa and 240-264 transfection of a plasmid (SRalpha) expressing nef from
amino acids in length (1). Though there is only 38% HIV-1 strain NL4-3, using a human T-iymphotropic
seqi(ince homology between HIV-1 and SIVmac Nef virus type 1 (HTLV1) promoter and an SV40 enhancer
proteins, there is a much higher level of conservation of (133 cells) (15, 20, 2 1). Control JURKAT 25 cells (22F6
the central region of the proteins which have homology or 22 cells) do not express Nef. In addition, we used

* to G proteins (2). In addition, a myristoylation acceptor HPBALL cells infected with a recombinant retrovirus
glycine codon at the penultimate codon position is expressing nef from HIV-1 strain SF2 using the Mo-
present in all nef genes (1). Though the role of the myr- MuLV promoter (NEF cells), and control HPBALL cells
istoyl modification of Nef is not clear, it has been sug- not bearing nef sequences (LN cells) (16, 20, 2 1). Both
gested to be critical for its cellular localization and its unstimulated cells and cells stimulated for 4 hr with
activity (3, 4). phorbol- 1 2-myristate-1 3-acetate and phytohemagglu-

In vivo, Nef is important for the pathogenicity of SIV- tinin were used. Cells were lysed in hypotonic lysis
mac in rhesus macaques (5). Several in vitro studies buffer (10 mM HEPES, pH 7.9, 10 mM KCI) by Dounce
have suggested that both HIV-1 and SIVmaC Nef pro- homogenization, and unbroken cells and nuclei were
teins function to depress virus replication (6- 10) at the removed by centrifugation at 1500 rpm at 4' in an Ep-
level of viral transcription (2, 3, 8, 11), but not all au- pendorf centrifuge. The postnuclear supernatant was
thors have reached similar conclusions ( 12-14). In ad- supplemented with NaCI to a final concentration of 150
dition, Nef appears to depress cell surface expression mM and was then separated by ultracentrifugation at
of CD4 and induction of IL2 expression in T lympho- 38,000 rpm in a 70.1 Ti rotor at 40 for 1 hr into a super-
cytes (15, 16). The relationship between the in vitro natant fraction (cytosol, C) and a pellet. The pellet was
and in vivo activities of Nef remains to be defined. resuspended in NTENT buffer (150 mM NaCI, 10 mA4

Several studies have also examined the cellular local- Tris-C!, pH 8.0, 1 mM EDTA, pH 8.0, 3 pl/ml aprotinin.
ization of Nef, but with differing results (4, 13, 17- 19). 0.1 mM PMSF, 0 1 mM sodium vanad-qte. 10 mM NaF,
The current studies utilized cell fractionation methods 50 mM glycerol phosphate, 196 Triter) X \ 00. 1 ý,,% NP
to demonstrate localization of a portion of Nef in the 40) and resedrimenled ý,lner the sa n-, ,iltrac•n tritfuca
cytoskeletal matrix of T lymphocytes. This is a deter- ton conditions into a supernata t fracti( n menibrarie,
gent insoluble framework r:, Droteins which includes M) and a oeilet lskeietcn K
2re cvtoskeleton and membrane skeletal frcctions. Fur

, r i , rj n,' '" •', •";!,) .C,) : l." ' C,' ' n ~- -,~ -, t " r; . -' , ,, Ir. . (r, 1r, . ,
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LNAJ NEF-U NIEF-S M N AG M NA G
C MK C M K C M K C MK 46- -- 46-

Net 30- 0

Tubulin
22- 22-

18- 18-
14- 14-

HIPBAL - nsimuate HPBAL -StirivedFIG. 2. Myristoylattori of NOt in L co/i. Bacteria (strdtn JIMA 10 1) A I. re

HP-AL - nsimuatd [ HPBAL -transformed with the NINT expression piasmid alone (N) or togýthe:-r
Avg Etanige TI idin 5'NI LDH Avg Range Tubulin 5'NT [ODH with piasmids expressing the ntyristoylation acceptor mutant Nef (A)
(%t (0%t 1%) 11g (BluMon tii (11 1%) lug) (BMufnl) or the wild type Nef (G) (22) Bacteria (2 ml) were gro,,sný to rit 'i log

C22 15-35 38 .08 1600 D40 30-50 38 .5 1500 plase (A,,,( -. 0.5 0.6) and Induced with 20 pi of t00 mill IPT to
M43 40-45 11 4.0 1300o 38 32-37 3 3.7 1300 induoce NMT expression and 2 ul 50 mg/mi nalidnici acid to induce
K35 27A2 51 0 1(o<24 16-32 59 <.0 1 100 - Nef expression fur an additional 2 4 hr in the presence of 400 tuCi

b [ Hjriyi-yr atd In (50 C iimtm ui. Au n izdisi i) B-Ic jeria were seaii mented
at 6000 rpm for t5 min in a JA20 rotor at 4*. washed twice witlh PBS.

2"i 1311-U 2275 133-5S and lysed hy boiling in 100 pul of 2), sample bufler Equivalent vol
C M C MK C I CM Kumnes (5 pi) were analyzed by SDS PAGE and (a) immunoblot as

di~scribed in Fig. I or (b) autoradiography (22). Molecular weight
Iiie shown in lane M

seen between unstimulated or stimulated HPBALL
JURKAT- Unslimulaled JUfRAT- -Si~ae cells (Fig. 1la) or JURKAT cells (Fig. 1ib). Similar results

N NEF were obtained in fractionation studies uig[Hmrsae
I%) (%) tug) (BBtu4nlt (%) i(% ug) 6Bu~nI) labeled Nef (not shown). The skeletal fraction had no

c 33 30-37 .03 16001 C 34 30-37 .03 16o0 significant contaminating membrane or cytosolic pro
M 40 32-45 4.3 13001 M 44 38-48 3.0 1350

_K 27 18-35 < .01 15 K 22 18-30 <.01 130 -teins, as evidenced hy the lack of significant amounts

FIG. 1. Net is- associated with skeletal. membrane, and cytoplas lacat dehydrogenase ( LDH, cytosolic marker pro-en)o
mi celiular fractious (a) HPBAI.L arid (b) JuRKAT cells were fraction att eyrgns LH yooi akrpo
aed by ultracentrifuqiation into cytoplasmuic (C), membrane (MA). and tein). TLubulin was used as a marker protein for the skel

13k ltai fractions (K; HIPBALL .LnefSNSt cells, INEF-u and NEF S) etal fraction, and 5 1 59% of this protein was present in
.sthe nef genie derived from the HIV. I in' ,: Val wereas the the skeletal fraction. 38%n/ in the cytos.~i c ft oct on, and

ýIAt I L IN cells )L N LI and I N S) do not expressL r),f Cells uvere or;ly 3 1 11/ in t he membfnrane' fri' :t ,i 'J 1:ol.) Thus,
,taiit tui at logarithmic growth in RFIPMI t 640 fnediurri supple there is very littleý contamtonation of the mebrniane frac

n-nifd withi 10ý (~l~f al bovine se,ýrum and 2 mM glutamnine Fouri
hours prior to harvest,. 7 x t10' cells were either not stimulated (U) or tior; with skeletal proteiri

stire Tn`ilated (S)wt 13 pg/ni~l PHA (Sigm a) arid 50 ng/ml PMA In order to further assess the nature of theý tCinding (@f
(ýmu) Cells; wereý harvwe~ted at 1 500 rprni for 5 ruin and wejrke Nof to thle skeletal miatrix, recombhinant proteins ox-

iejd twin ,it V tIII, fut hiiffireti ,;jIirw (PBS(0 Cell pillstý pre~ssord in L-scherochia co/i were_ utilized ().To obtain
-Wres uspei rind tit ihypo tonic lvws hi Ifer arid allrowed to swvell on mytiletoylallo(f 3(erflN poinw ta.Jrvýj

fo 5 niii Cell!, wi 'in thet i doi ji iced 20 lirnt's, owIoii and 'rintni,... bceilNerrtiswe rnfr
e.lls; inni,ndMJ1( ilt !"Q 51pot, ivn [Inst niuclear r54'.'rrl)it,iit'. t] har-tent a/vith aI nof expr(tOsiioti plasniid anil :9 p1iasntiii

tdby iltraritin q( toio f, cvtitpiosiit IC' tnrnbhrru'i' (M) oxpre''591in the, yeasiýt A/ fttiyristioyl (tnfoao)F ; it,
keletu *00l frui~tion'. (K; a,, tit ;critwd i tn tfin tvt I ri( tion equtijr Q). In thi&; expot bieth, tliu nefqe(rw'was, doni,eOi froto a1
we/ýre, ar-iyid1 101.20 PAGI aind tmnirin'vtri1t atiqysis recoinhinant of twii,( cli tily related HIV I stlatns . (\XB?

t;Jiniajry w' *frd 3wa r;Ifitit ajnti NOt antis-i, i)f a~ fnw~ Siii) 11XF33 0 A i /tivcith i /(iycite- to a!it ''noic ttolj*t ,

;O'Thr. rt ' ifi' I in p cr,)~:ý( Matorn).aij ý ) an. it'' euii t tin'; ini thte mjytisýonylatittcceto sito vSa.~tl.i'fto
iitr~~~xitarin triijtga ' (iV it :nt 14t

iNO3 I /BUP1) F'nuiitig.i) ,ir 0j wereý oiWii (N) vi2th AOal'9tV control A\ 2b 1,J),i ptiut't
''I ow rdto Kiiii,k X.AI finnlri -'T)''i''' ,' fnn~mt frr i (i Anf (.3O (-j ttIc.' -sris

di rtivd, ttofi Ttiti r i v 1) y ta I ar i nf i ~r cj if I n 1 I
i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i iti [a tif- yti, it

1
.,,aT. ~ (5 0.1(i tIo I in'iwi);~ rjlhitrle (-iti,... WtO

f~~~~~~~~~~~~~~~y~~~~~
0
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a) Nef b) Gag
Supernatants Pellets Supernatants Pellets

N G A N G A G A G AI + - + - + + + + + + + + Cytosk

__.......____. -,,.-p55~ - p41
p25- -p39

Protein Specific Binding I%)
Avg Range

Nef-G 34 30-50
Nef-A 8 5-15
GAG-G 33 30-40
GAG-A 38 30 -45

Protenin pellet (+) Cytosk _ Protein in Pellet () Cytosk
Specific Binding = Protein in pellet + sup (+) Cytosk Protein in pellet + sup f-) Cytosk

FIG. 3. Binding of Nef and Gag proteins to skeletal matrix. Bacteria (50 ml) were grown to mid log phase, and induced with 0 5 ml 100 mM IPTG

and 50 ml 50 mg/ml nalidixic acid for an additional 2.4 hr. Extracts were prepared as descrihed in the text from bacteria expressing NMT alone

IN) or together with (a) Net G or Nef-A proteins or (b) Gag-G or Gag-A proteins. Binding was performed with 300 pg of recombinant bacterial
protein and 300 pg HPBALL (LN) lymphoid skeletal proteins as described in the text at 18-20* for 30 min The reaction mixture was separated by

ultracentrifugation into a supernatant and pellet fraction, and 20 pl of each sample was analyzed by 10% SDS -PAGE and immunoblot with the

anti-Nef antibody or an anti-Gag p24 antibody as described in the legend to Fig. 1. The Net bands were in the linear range of analysis as

determined by a standard curve. Specific binding of recombinant bacterial proteins to lymphoid skeletal proteins are described at the bottom

tected by SDS-PAGE and autoradiography. In con- Representative results of a binding experiment are
trast, no [3Hlmyristate incorporation occurred into the shown in Fig. 3a. Between 30 and 50% of the Nef G
mutated Net (A) or into E. co/i proteins (N). Also identi- protein (average 34%) was found associated specifi-
fied in the A and G Nef expressing bacteria, but not cally with the skeletal matrix, whereas only 5-15% of
those expressing NMT alone, were small amounts of the Nef A protein (average 8%) was in the pellet frac- (
19 and 26-kDa proteins which did not incorporate tion. When expressed in the absence of N-myristoyl
[3H]myristate (even with a longer exposure of the auto- transferase, Nef G and Nef A showed no significant
radiogram shown in Fig. 2b). differences in cytoskeletal binding (not shown). The re-

Recombinant G and A Nef proteins were partially pu- suits presented in the table represent 12 independent
rified from E. co/l after lysozyme treatment and sonica- experiments with 6 different preparations of Nef pro-
tion in NTENT buffer supplemented with 0.5% SDS and teins and 6 different preparations of skeletal matrix.
0.5 M NaCI. Insoluble debris was removed by ullracen- To determine the specificity of the myristoylation-en-
trifugation at 45,000 rpm for 3 hr at 4' in a 70 Ti rotor hanced Net binding to skeletal matrix, binding of HIV-1
before and after dialysis overnight against NTENT Gag proteins was also analyzed (Fig. 3b). The Gag E.
buffer. For in vitro binding reactions, skeletal matrix co/i expression system, was similar to the Nef expres-
was prepared from HPBALL (LN) cells as previously sion system, and used the gag and pol genes of HIV- 1,
described. Binding reactions were performed with 300 which were detected with a rabbit anti-p24 polyclonal
pq of partially purified bacterial proteins (in 20 pl) and antiserum, as previously described (22). The predom;-
300 mg of insoluble skeletal proteins (in 20,ul) in a reac- nant protein was 55 kDa, representing the full Gag pre-
tion volume of 100 jl in NTENT bufler at 180 for 30 mn. cursor, and smaller amounts of 41 - and 39-kDa pro
,iro:lar results were obtained In reactions performed teins were also expressed which were derived from

fo)r 5 120 min. The reaction mlxtures were then HIV- 1 protease specific scission at the p I 7/p24 and
t•,;at,,d by ultracentrifugation at 38,000 rprn for 30 rain p24/pt15 cleavage sites. In itis system. 30 40% of the
a' i) in a 70 1i rolor. Thie sujerr,,altril was lransIerred Gag G protein (averra.ie; 331/4) bound specifically to the

t100 p of 4,. sample buffer (0.25 M Tris Cl, pH 6.8, skeletal matrix, and 30 4511/0 of the Gag A protein

'D. ; DS, 400/ glycerol, 2 0'i, 2 rmercaptoethartol, bound the pellet components (average 38)T/i)u) .
0 0201 bromophenol blue), and the pellet was resus myristoylatnon did not enharice Gan Associalion Wit F
i ,rided in 200 ul of 2X sample biJf-er. Twenty mwicro the skeletal matrix, a it did in the can of Net

lters; of each sample was then analyzed on a 10%.i The nature of the skeletal matrix binding site ur 1!
,) m.l PAGF and analyzed with the anti Nef antiserum myristoylated Net protein was analyzed by saturat.
in rig the [CL system (Amersharri). [the relative pro binding experir-ntr1ls and stfdies of reagents that prm

fi.irtlnis of proteinr in each fratiiori were deterrnilt by vented Net assci.atior with the incr ble matrix (Pig
d(,riiitometri analysis 4). With iciaas-n r ninmnt>, of Nef C prot"in -0;ri,
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ja b structure of either Net, the cytoskeletal binding site, or
3- -both is important for binding (Fig. 4b) It should be
L noted that the size or nature of the cytosleletal pellet in
Z ---L.,.0 c--cý!"e s ý,.,'3s -2! s.••nifcantly altered in the

20 presence of NaCI, SDS, or urea. Though protein con-
tents of the cytoskeleton were diminished to some ex-

60 3 tent by these treatments (Fig. 4 legend), the effects on
S• Net binding were significantly larger than those on the

40 protein content. Finally, inclusion of 3 or 9 mM myristic
,- acid did not affect the association of Net with the skele-

-20 tal fraction, suggesting that the Net binding factor is
not merely a myristic acid binding receptor. This is in

00 , N treatment 05% - 0 agreement with the observation that myristoylated Gag
Amountt oExtractuiuii I MNaCI 2M Urea did not associate with the cytoskeletal fraction to a

C]l3.SMNaCi E-3mMmyristate greater extent than its nonmyristoyiated counterparto] 3 M NaCi E- 9 mM myristate (
(F ig. 3).

FIG. 4. Saturation binding and inhibition studies of the Net interac- The data presented here suggests that Net protein

imon with the skeletal matrix. (a) Protein extracts from Nef-G bacteria
(0 75 pl, 0- 11 00 jg) were incubated with 500 pg HPBALL-LN skele- derived from three different HIV- 1 isolates s capable of
tal proteins in 140 ,l total NTENT as described in Fig. 3 and the text. associating with the T-cell cytoskeletal matrix and that
(b) Extracts from Net-G bacteria (300 ,mg) were incubated with 300 pg the interaction is facilitated by myristoylation. It is possm-
HPBALL-LN skeletal proteins that were not pretreated, or were pre- ble that Net binds directly to a cytoskeletal protein such
treated for 5 mm with the specific reagents, in a total volume of 100 as actin or tubulin, or it is possible that Net interacts
yl NTENT, and fractionated as described in the legend to Fig. 3 and
the text The anifunt of Net specific binding to the skeletal matrix with a protein that binds directly to the cyoskeleton.

was determined by SDS PAGE, immunoblot analysis, and densitom- Additionally, it is possible that myristoylated Net may
etry as described in the legend to Fig. 3. All Net-specific bands were bind to one cytoskeletal binding site. while nonmyris-
quantitated in the linear range of analysis as determined by a stan- toylated Net may bind to a distinct site. This may ex-
dard curve The residual protein contents of the cytoskeletal prepara plain the different binding patterns of these two forms

*le tions, as determined with the Bradford reagent, after treatment with
specific reagents, compared to the untreated samples were as foi- of Net. Alternatively, both forms of Net may bind to the

lows. 65% after 1 M NaCI, 58% after 1.5 M NaCI, 52% after 3 M same site, and myristoylation serves to promote or sta-

NaCi, 35% after 0.5% SDS, 72% after 2 M urea, 95% after 3 mM bilize the interaction. The result that 50 -85% of Net
myristic acid. and 97% after 9 mM myristic acid treatment. These associates with either the membrane or cytoskeletal
experiments were repeated on three separate occasions with similar fraction (Fig. 1) may reflect the fact that only 50 85% of
results Net proteins within the cell are myristoylated. WVithin

intact cells, there may be a dynamic state such that

incubated with a constant amount of skeletal proteins, Net may localize and translocate within cells depend-
saturation of binding was achieved with approximately ing upon differences in post-translational modifica-
2i,- pl (300 mg) of Net protein extract (Fig. 4a). The tons, such as rnyristoylation, phosphor\ :ioq u ol!y

amount of Net protein in this volume of extract was 20 cosylation.

pg as determined by comparing the intensity of the Previous studies regarding the localization (of Net
Net-specific band in the bacterial extract to a standard have reported that Net is primarily extranuclear 13. 17)

curve using purified Net protein (provided by the AIDS and that myrisloylation is required for meembrane asso
Repository). Using 25 kDa as the molecular mass of ciation (4). Howevor, these experinments (o rint o'luidi

Nef, this correspoiids to 5 .x 1014 molecules of Net the possibility that myir,/stoylateld Net asOwat,-cv ith
required to satirate 500 pg of skeletal ptoteins. Thus, the cytoski.letal irsnI:x at.,s vvw(l O)ther .ttifd -s ý,'.s

the calculated nlmrbet)(r of P eheta1 binding sites for Net teriiýitlistoi;tietri- ri-thod. -ije ; r,' is

is approximately 2 x 10' sites/cell. presentt Orii w 1 btopla,., bitt lirl'' ' sir'II

The associatoii i)f Net v, ith the skeletal matrix could of Net are lcat•a r a(rilii latI•i h ibar);? 7. .. 3

be inhibited With progressively increasing concentra 19) Additornalivy 0, -1 1 a; riort tOh; t 1t ,

lions of NaCI from I To 3 M (Fir. 4b). That 35 4 u',n of pro(niit 1 teli(n)jtt l lisi t, p .

Net bound to the" 4klental matrix in the presence of 1.5 dopods fOR) lr ll,, pentuilt " • I'

-'4 NaCI suggests a tigjht interacti•)n; however, bindinq atid thti! pr(:s•tricý (i ( 'J,A Ini i tl> ,i, T ' i

alrrost completfly iohihiteo with 3 M NaCI. This sistent witth the ts ,i ly t0at ; N ,f i(,, a ,-i,-•.,.otf

isuggest that ionic inte ract i ons maryi be critical for cyioskeletal ,,,h ,Si In t -t t, ni rt .
N'#;T cytosk+.lu•;j;I in eraction.i Prcte.irn de)naturar its, SO S' Ing1 (: rilt(r 1ý.; II i ][+r ;; ; 'i ) {: h( i,.r!t • ,... ,t,

tir m rca. , )l~ c n:()rIu,)tely prwvrent the thlrdint- of Net f <,tD•n~ /! ;irf, pirt-:, til it•pi td • ) t i/ ,,irm
.I1) T h !e rcytnS£J (lI-,t!t r rixtl , 'ijfjirQ-,1nq that the tertiary l~ ra tfor Iltht r f+r,:,,,+ I h+ •,q Jlh r(- t~rjtf 11 •t likt
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current study are consistent with the previous studies tyrosine kinase-G protein complex, or an effect on pro-
in which cytoskeletal association of Net was not ad- tein kinase C activation. Cytoskeletal interaction of one
dressed. or more of these components or other important cl

The cell matrix includes the cytoskeleton and the regulators may be altered by Nef. This may account for
membrane matrix. it is composed of a framework of the ability of Nef to dlownregulate HIV-1 transcription
fibers that maintain the structural integrity of the cell, and to inhibit T cell activation, which may result in a
and allow the interaction of cell surface receptors with reservoir of persistently infected cells with repressed
membrane matrix and cytoskeleton. virus expression.

There are several interesting parallels between Nef
and two other myristoylated proteins, MARCKS and
Src. MARCKS (myristoylated alanine-rich 0-kinase ACKNOWLEDGMENTS
substrate) is one member of a family of myristoylated
proteins in macrophages and neutrophils (23). It binds We thank Drs victor Garcia and Syivie L uria for the gift of the NOt

calmduln ad rgulaes ellactvatin ad mtogne- expressing eLikaryotic cells, Or Martin Bryart for the net expression

calodli M andK regloaties cell aictiva tio in and mitogn- clones, anid Dr, Jeffrey Gordon for the yeast N rayristoyl transferase
sis.MARKS oloalizs wth inclintaln, nd ro- expression plasmid The recomhinant Nef protein used to nenerate

tein kinase Cin focal contacts where the actin cytoskel- antiserum was provided by The NMAID AIDS keaenert Repnsitory This

etor abuts thc su'bs'.r340 ad herent plasma memrbrane. work was supported by contract DAMD 90 C 0 125 T Mi J N as

Furthermore, MAROKS can bind and cross-link actin, supported by Washington University MSTP and PHS Grant T32

and this binding is regulated by phosphorylation, cal- HLO7088-17 [PR is an Arnerican Cancer Socety Research Pro

cium, and calmodulin. The first 14 amino acids of lso

MARCKS, including the myristoylation acceptor site,
are critical for its cytoskeletal binding. REFERENCES

Myristoylation-dependent binding has also been
shown for the oncoprotein Src (24). In this case, a spe- IMYERS. G0. E3ERZOFSKY, J. A., R,;9s&, A, B, SMiie -1 Fand
cific membrane protein of 32 kDa was found to bind WONG STAAL. F Icds ). 'Human Retroviroses arid AIDS Los

myristoylated but not nonmyristoylated Src. Myristoy- Alamos National Laboratory, Los Alamos. NM. 1990,
lated peptidles corresponding to the amino-terminal 2. NiEDERMVAN, T M. J . Hu, W , and RATNER. L , J Viroi 65, 3538

sequence of Src were capable of inhibiting binding to 354601991)
therecpto, weres mrisoyltedpepicls bsed 3 Yu. G . and FELSTED, R L ,Virology 187. 46 55 It1992)
thereeptrwhrea mrisoyatd pptdesbaed 4. KAICHK I , BASHAN, N .iTAOH, A , SARVER, N . GORECKI, M

on sequences of other proteins had no inhibitory ef- and PANErT, A~, J Viro! 65, 583 588 (1t99t1)
fects. Myristoylation is critical for Src-mediated trans- 5. KESTLER. H. W., RiNGLER, D. J.. MORI, K.. PANicALI. 1). L . SEHGAL,

formation, and previous work suggests that myristoyla- P K . DANIEL, M~ D~. arid DESROSIERS. R C . Cell 65, 651 662
tion may be critical for Nef effects as well (3), (1991)

Cytoskeletal binding has also been found for several 6 .1W~i- Viro 6,n)0sj GROSE C,~ A11986)FITN
members of the G protein family, including G alpha, rab 7. Lur P A . Ci-ENG MAYER. C.. and _i.vc I A . Proc Nar/ Acad
5, M., and a homologous protein in Diciryostellum (25 - Sci USA 84, 14 34 14 38 1198 71
28). Other cytoskeletal binding proteins in lymphocytes 83 NiiOLRMAN. 11 M~ I, I HiLiAN. B ,. dil kt, PNER, L ,'~ Vuir

include ezrin, intercellular adhesion molecule 1 (ICAM- ic Sci USAS 86, 1I Ž5I?8
.9 Ciia N6 MvAý ii R,. , IANNI I LO, P , Silro, I L~ s'CIV P jh

1), CD) lIa/CD 18, and LSP- 1 which may be phosphory- I Iv,., I A Scioane 246, 16,36 16,, , 19 91
lated and utilize a basic domain for cytoskeletal binding 10 ISUNEr5OIii YOKOTA, Y . MATSUDA, S , 14FAA %1 MSAITC. -1
(29-32). In several cases, cytoskeletal binding has ]AKE1,40H;, ! , alrid IAJiHL. YL.P 191, 960 to3 (111919)

been implicated in the regulation of cell activation. An I I AHirMAn N . jrid VFNKAirSAN 5241, 148ý 118t,

other Interesting example of a cytoskeletal binding pto .!)ý) 1
teiri is the Epstein Barr virus latent memnbrane protein I' H~ACH. Ri .ý k.[ At1A

which is Impurtant for the ahility of theý virus to irTIlli~r 64, .(Y

talize H lymnphocyteýs (33). thist, Net mray have simoilar 1. I 1kAii~s I-O s I'a

properties!ý to these proteinsý in thcil it liar horooloqis to r' . , , i 86. .

G proteins (though GTP does, no) hind wvell if at all to .. r,

Net), it is; phospfiorylaited by protein kinasew C, dl (I it 4 'V a;kl0 6

L,,it) modulateý 1 cell activation (34) I~ (rvtiyItt1 . .

f he sIg ;I ni f ic anrIce ofI s keeI t a 1M atIr ix h irnýI Iiii if() Ne(,t r e 88, . ,W ( 1 ,4,1 i

malins to) be de(ýtermned. Hoviw'ver, wenit itiridirliVc 16 pA,, I o" M it 350 .
iSv( i tg a I QAV Iu N I It 1 1 t-II

haesgested that Nef disrujpts; signalI traimsducl ionn ,~,rv .s.....

litiolitiy PMvArairl -PHA exp)osuire (",l,'/,2) [tA [tip ti 1, a i,t, r''! ~ 6.

due to an effect on theT T (,ell rocreptor (IDSý frotefin
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The suhcellular localization of human immunodeficiency virus type I (IIIV-I) viral protein R (Vpr) was
examined by subcellulai fractionation. In IIIV-I-infected peripheral blood mononuclear cells. Vpr was found
in the nuclear and membrane fractions as well as the conditioned medium. Expression of Vpr wsithout other
IlyV-I proteins, in two different eukaryotic expression systems, demonstrated a predominant localization of'
Vpr in the nuclear matrix and chromatin extract fractions. D~eletion of the carboxNI-terminal 19-amino-acid
arginine-rich sequence impaired V'pr nuclear localization. Indirect immunofluorescence confirmed the nuclear
localization of Vpr and also indicated a perinuclear location. Expression of Vpr alone did not reshot In cxpiirt
of the protein from the cell, hut when coexpressed with the (;ag protein. Vpr wias exported and found in
virus-like particles. A truncated G;ag protein, missing the p6 sequence and at portion of the p9 sequence. %sas
incapable of exporting Vpr from the cell. Regulation of Vpr localization may he important in the influence of
this protein on virus replication.

[he human immuftnodeliciency virus type I (HI1V-1I) genomne nismi of incorporation into virus particles areC unclear. In this
is more complex than those of murine and avian retroviruscs. study, the subcellular localization of' Vpr in HIIV- I-infected
In addition to the basie functions encoded by gag. pa1. and env, 1)BMCs and in two diffecrent vpr expression systemns in miain-
the H IV- I genomec includes at least six add~itional genes with mnalian cells was examuined by subee~llular fractionation and
distinct regulatory roles (see references 31 and 39 for reviews), indirect immnunofluorescence techniques. The role inl cellular
TWO of these regulatory genes, tat and rev, are essential for localization of the carboxvl-termininal argini ne-rich sequence of'. virus gene expression. The remaining genes. vp)r, ipit, vt'if and Vpr was specifically studied. Lastly, t he effects of GaLe coex-
nef are dispensable for virus replication in tissue culture, hut pression on Vpr export and incorporation into virus" particles
mutations of* these genes alter the replication properties of the were examined.
virus.

tI-lV-I vpr encodes at protein (viral protein R IVprJ) of 96 MTRASADM~lD
amnino acids (27). Previous% studies have shown that thle i'pr MTRASAI FIO
products can increase the rate of replication of the virus and Cell lines and culture. C()S-7 cells were obtained fromn the
accelerate its cy'topathic ef~ects in T-cell fines and in peripheral AmericnTp utr olcinadrii"ttl~ l II)c
blood mnononuclear cells (PBMCs) (6. 8, 28. 29). Cohen and co's eardifiep CultureS Colecion1 andMM maintainedin %kuibth
colleagues so g1nest ed thal(t pr increased gene expression from ~ ~[et-i c v r ea afs ui.IiiN l u t.11ft
the Ifly- I promoter. ats well as, at wide ranige of other proinlol- of peniicilliin per [Ill. aniid 1001 IfLL of strecptomminf per illI. liS(41)
ers. hitl the mhin el ni snt of thIis effleet ic in a iii to be d ctcrmin ind celJeemitie ntesneildln.lB(~wr
(7). V/W is also0 IOUnd Ill the gcnonies of IfIIV-2 and scvecri~l clswrmaniedilt ai MLln.P V1-2

Strains of simlian 11iiiniunTodeficicnicy ViruLS (SIV) (5. 14). The prfe rmnra ua ekctsb eiiu~toiotFicoll. Alter 3 dasofstimla~ition 'o,11b phytohicniimlad[it inill (ISý
aciCity of the I Ilk-2 and SIV I-/1 11gene products appears to be .c'il im) 'M' ~r iiiandi INl111 c
similar to that of I IIV- I vrp ( 10. 35). Eulirtheniore. SI V, .... ipr diuni suipplemetedI(1. \N~itt It) tteZit-iliiaCtivitert et~lall eiIsc-
is, imlpotrtanlt for tIle devclopnlcnt (if ill, Al 1)-like disease inl
rhesus, niaiciq lies 12.rum., 4 itiM glutainninc .5(1 IU of riconilhiilaiit iniciierukin 2

IIiv- I. I 1EV-2. Mid SIV ipr geitc proituets li:ve: 2 to, 30'; ,trcptoiis) n perit. fill. tpeiiln e il.ltI p
M11i0ilidi ILC11V(0.CranIati'(tli p icw pr and (sag expression plasruids. 1I1 I-1 I cineotides
bnlong itrn IIVioaesn tgl\ olesd itIII~iclit o.li titk- ;vl- oicceie27euonsii

the: psneOf ;I sirwte cystenk resutidteit ait Ilitto acid positloil tl l - / eesusot~c ~tef li rise cii i

7(iof ll I \~i a ~trteed iiiptipttie tpta-tete~i loppiipficatioi re;ietion. tii moiniiiet A VI A( (A l(IAA.
t1o. Ie I~ - I tInit portion (It tie proeiti. ait the: presriunc of ;1i ( M IUi.i(J M 1 lld I(i 'I V (1

-Vpr is, piekiiceod \\oht tic h If l\-t s iroi (1. 45). SinnIail <~~2~ nl:nd r~ r~uc1doi
tuiidawiitxs ttCuse hecit repore lot Vp (4M) )lo (1.2t ojludc IAIR i )t1ui l
ptoteiii1 is theonktc ripililtor\ product of1 I 1EV-lImtitud 11\1in sl irus).t fok~ IIAI'.fi

purtites.ttliiuiii i/O~ t~luit of II 1 tjii iitu pt MA-'lR \ 1 k~ lctuuuu hcteIu Ilie .,,/l 11)d Noi I
piritI c,,IIi u I10 ticIitnit I htu ui )n, sie op pI~lpi L L I) I( diet Cl I,,tui s( ift I I V-. \

Mi 1. ' c 1isN ussmo,eilutCd isutli iii' particles (1 19). 1) liri1M is. ill i Coie C0 1C I iu01iltioil IPSR-'\ PR')~' iiiuf ill 11i,
Iuie i.the skiio:Iu~ietr ir rtistrihilit iui ifl Ntt intl the: itiutht- ilcotteetC if oiltusilse oiiucikitituii 1-t'Sl lRA u R I) iNee I W,. 2' \N

W~~~ I ic ( W) I ituutu'in tuui \\.is eutistiiitu I,\ dwtL-1esill o

urncsp nu I ne .1 ii tin ur.I ii _',ltiu~ I \k i t, u 11 I~' puul\ , juius. i. fl\'isli eu \tojitu



inof the pot vet r b g tateg Ued 1wfnms to mutaonsC atM the Illc xedl pihell et Nohin wol timeasie of a4nw d Itresupene in bleMi
BcIst t uloie 48i he5 otono .It produce PBS to xaineC cuteldsrupt1 nioN undri phase ni 7.51,e 15Ips!

pTI(An . PctNo rgnetfolasmid pM( p1) was contrute from- Doun ) omeniM a ion wa2 cont i)Cll l uCdtint ,it > bIVIcflluowrie
ptM-nigA- nu oiwe franltohift mutasconed into the .IA' I site at dirptd Theovc hooeaeita)cn itg t 5( p o

iclntie oil 15.n tisiega a4ind po civmreradseil I'm hs. Exresulsion a f a( ilininca hecklaoni/S-6 roo toal genera11te tie sliper andti
ofthermaton geedi wat abogticeodc by)5 fan fte the tirn at s-ise Motixe n ohte ebaead Wit tlosil ouco .4;(wole frypiosand thueil
bo11 codatULCI~i 48ing regio of ptrtio if t roue PStocea pelleit. eldsuto ne laerirsoý

Vpr and Gag p24 antisera. A New Zealand White rabbit was Thec nticlear pellet wNas siibsqitieiitly extra1cted h- ltoi steps.
inoculated wihcmlt rudsKJvn otaininlg 2(t0 ~ILL F-irstteFLCil CIA\ksCMN)RIdllhIIfA(WTM

of Vpr prot ein, synthies ized accornd ing to tile scqiticnicc of N--vniv v iei/in-'--thi sb inc id ii IilIPTS£-
ill V-I strainl LAI anld kindly priovidled by ff. Gras-Masse (13). KOH : pil 7.4j, (0.25 M sucrose. (0.2- nin NI SF I' 10 I (.5 N
Booster doses of 200( p-Lg of Vpr i il incomlpete Freliild's diit hiot lre itol ) tI ppi e ille it d with 0t.1', (OIi \01) I riOl X nN-100t
aIdjtivant were given at 3, 6, 9). and IS weeks after tile initial and then incu~batedL fOr1 Ill Oil onice. 'Ilie nu1clei were pelleted
inocuilatioin. A New Zealand White rabbit was inoctilated w\ith at 1 .500( rpm f -or i10 ilin, and tile siperi-latant11 wais desienateMd
comlplete Freuind's adjuvant conltaining IM)1 Vtg of recomlbinanlt tile pI)StiltIIielea wash r1ieioil. SCeotI. theC pellet asrest],,-
p24 prolte in (provided by Amerieane ii iotecchii i;10ii i thii ro ti g i tile perided in i~luter A supplemeinted with (0.5", Nonidet P-40t iiid
NIHI AIDS Research and Reference Reagent Pogram I.ad incubated for- 301 miii onl ice. The nule~li w crc pelee again am
I )0-.Rg booster doses were given 2 and 4 weeks later. 1.500( rpmn for il0 film. anid tile stpipenatant~ waZs deIC~i~lated tilie

Virus infection. HIIV- I virus stocks were generated ily riticfeolplasmiii fraction. The latter procedure \%as repeate~d
traiisfcctioii of' 60'; confltmeIltI t)-eili-dianilter ('05-7 plates twice, and thle suIpernatants were reoilc. 1 liiid, thre Nonidet
with 1(0 Ig (if recombinant proviral clonie NLHXAD.-\V(iG) P-4t(-cxtracted vnuclear pleiet was subjected to i)Nase I dices-
(41) and 2 [ig (if' pCV I (tat expressioni vector 111J) by thle tiiif (1';, 1vth '\'(l T ritoni X-100,t) 1.5 n\1 NI ICl- 0.(.2 iiinI
calcium phoisphiate precipitatioin nmethod, foillowIed 5 Ih later liv PMSI2 . Mild 5(0 [to (if DNase I jSigmna per nil ill PB3S) for IS;
10"I' diniethvl sulfoxide shock for 2 min. The cells were wNaslild nlin at 37'C'. Thlen an eqtual volume tif 4 NI NaCi was added.
twice with pilosphate-buflered saline (PBS) before refeeding and inetibation was conIinUed for 301 inii at 4ýC. Tile samlple
with 101 nii of fresh nmediuin. Culture superinatantts were wits tiheni subjected to cenltrifugat i~ionl at 2.500t rpm for 10) ilin.
harvsWIed ZISter 49 h) Wnd WICered k.2-I.1-111POTC-SiZe Millipore The supernatant was designlated the ehronlittin extract. aiid the W
fil te r). F~ive milliliters of en ittLire stpi p a tan t was tised to inifeet Pellet Wats rCSLISpe iidedC in rai~l ioiinim iiiniplreci pit atitioii aissav\

X 1(l)7 PB1MCs. Virtis replication was moinitored by determni- ( RIPA) buffer (11r' Ivol/voi[ Tritonl X-10tt0. (5"; jsst solJ
nat ion of reverse t riitscriptiise activity (30). PIMICs I(i) (Were deoxvcllolate..l`((.1 'i\ t/VOiI st(iiditmidodc\SLIýtillateI)~I. aiid
labeled for 2(1 h iml 2 Ml of leicine11-free RPMI 1040t iclleitm ((.2 mM lPMSF iil PBS) for 301 miii onl ice. The insoluble port ioii
coiitainiiig 2001 p.Ci ot [4,5-1'I I Jieticil and fractionated as wvas removed hv ceiltrilugoationi at I,0 it(t pml (or- 15 nlin. The
describetd below. Mock-imlfccted cultures were exposed to 5 mlii supeirnatant wasi dlesignaitedtilte MIiltlea 111;t11 . tIhle purit\ of

Of fillteed cuhure11 Stiper-ilaailts from ul itraiislected (()S-7 tile iltielci wa;I, esanim~ied av eoiitr I C011 \ ttisolie protl'mi.
cells. fi-gilaetosidie. expreCssed Inl tlile saute MItN hs% tratisleelionl of

Transfecfioii and raulitlabeling 1:1 '('OS-7 cells. (011-7 cells at cI)NA expressioni elome. %lore thanii 9S', ) itt e -a toi
werie crlow\I l o 00', e)iilflil(iite ofi I (-eni-di;nlinetr cu~lture dalse act-ivity wasIi tointtd ill the es t)osit. is, iieasitte,tlk I\ cit/\
tdtshies anI ["d k\t~t with IS(- itSR-Vl'Kl< in ISR-\ l'l(i ti1,11e (si .t)Ill\ 1.X, Adt thek ;-ae i isc tisl i ýt\Nt~
I)\ (IItIteet10 (iii asrCCiiinCieite(I I)\ ( I11( . Br~ietlls. 1 IJ ,l ti d,:t,"Id Il fintm iisttiticla wItsti Ir1cltit> NitI dttetctilhie
Sipitfeetimi (( lI ()~ wkas mlixed \kith 3 fiiil Oft )pti-NII- \i I ýItetit \\Itws founid in tilie piurifetl iltite~le.
redtiectl-sciri im melitim ( l ( ( W)) midt then Is [Ig- of D)NA I of tile Inienitiamie aiid efostilic Iratietitin. tiec 'emIt e-oneen1-
w,,it" added, til HIihxir I a alloweTCV W 11(INd to ine1L~tibte itlI )tioiil H irIItion was adjusNted ttI C o t).1 Ix NI Na ý I and L th I tI C 11 p[ 1iepI attIoit
Itenipcrature o lot- n0un before addition of the ce:lls. Iortt -ciclit \were faCtiojitted h\ iiltlaeemitihIllatioiiat i Ii iittlt~ W 0 tot 3t0
hIours after trmtiiseeioii. tilie cells wereC labeCIled wIt1h 4 11l Of miii. The Superutiltmiit wasI1 111Lttte thecxtosoflie (itI.Mte
lctieiite-free DI)NII. Onamittiuin (tI i l-i. jetiteir [e pellet \\as \wisliet wkith I NI Nai( I inl~l PB tim 30 fiiiii tt WCe.
til tot 40t 11. anld tillm I eenll1 Il'tit iictiii \\Ntts tp ttd h11 supetliattint w\,s

I idlect iin-I raisFect ion pr~olfcll fior thle vacuciiia % miris t'xpIrts- desk-imnatel thek 1CIIItIttitte1 w\ishl llII actl .1t1. 111C lieiteitihI.1inc
%ion % I5fem. 11Sf l cctlsi weic Lriwitn 10 90(', oiiillieiic mli plclet \;I wa estispNI~dedIll Rn I PA\ bullet 1
l11-ctI dinttt p ts. Ildiiik11).1N,11 Cite tel 10ii 1 11 it1 . ( \\,ill \ 11 7-3lu luIu peclia o . 1 t(itN 11Il itei 11t)i11 niptLI11 \0t tiliii I

1-. -6) A it a niitltILci t(1 itlect01iln til Ml. inll l;liI-,L \tiiise t l tl (itniCt ot1 CJlt Of lie' siiheeltiil~ (cit.ILI11 \\CIL pieCAipittitedI
Ilp1 NCiOscIN h In th liptilCctiII tiitll"cctitii nItlitiltout Itoitis titei4L'11-'1 iii lltwt Il' t lI~ltItt)IeeiWC tntiiI liek mestultitte
ilietI ti;itIlextit'r(it 11te Cells weteC 1,L'h 01et l tt 1ii It 11 st t ill (Ii peCllet weIC \IJN lts I ll il h' eliiil ol: I.e l itt s Ittple
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antiserum. Incubation wits continued oivernighti at 4"C', IwcIItv I1v1 l
microliters of protein A-Scpharose heads (50"¼i Ivol/voll inl

*PBS) was added, and thle mixture was incubated for 120 mill at 'MIA4'C.~~~~~~~~ ~ ~ ~ ~ ~ MSucfrciiac wer colete at50xgfr3rSn3 j L
*at room temperature and washed three times with RI PA

bu~tler. 'The beads were resuspended inl 30 cid of sampleI b~ilrfi 215

S atpe ooi c t trieratue. ate cells were themn blcedfore SI)iSp- taitiact ii imccrN xtmstc(4m nehai
pvcitic bidie of immuuroplobulin s 1winuation fixtor 30 r 30iwt ~eiri r esrbdi aciisrdNclrit ~m ci oiu
minB cil in2ii1' ' (wtpop vol)1"e n fat dic m ilk n . 1 '7 tretm ntlivol 14. i'-~citiciiiar iiiuiifi~p~id im im iiiVrriici

Bantdbidve(1:tiei wree butlermi'15 with (Itsl.5%icMer 205 -i~dmrr

infcte a iti body ( 1: ) and triwe ICIL en s but er: libe i c iii) or I "Iic at w )m ý\cciictd [r9(iv ih l l tan\11.
ro nte ertui.Tcells, weree waxed with several tkt'vl irdhd for es wlit I Dx(G ; o p se ~r p rt RIllc ne n~c d of t lie a c itI- p af cl ruibec (riot
(a.n' (lie voTi bl) izr ithiiX 0.21 in l/ol PBS mo and incuate at1dill 4('S for("te (xli midi11k:MISi)
'xi it roo leIc rottres iJi o lie cel rera di-aI 1: ' )-lckc gatd fo 1H"r- nialjo rityof Vpi (Nas fkound in the) culture 11upernatIiiitM
anti hi-rabith f irninunTOgllobufin ( to detecLkt Vp id loa ida Mil kirel 1,c ixi01s itt wI~cibtipev fus raeprtsk mI ha t Vpr is i ruiint assrcii ted
11Scon i ýi i gated goa an ti -mulus ininnoila vmlkb ind 0. 1'i detect I t i I I. 45kd I It rac e I \CI C 11i Il V loM C pr wa IM iid iW Ilt Ii Il ;Ie[t ca ( 2r')1 al i d S l

Iuites. y 1 : le l side werei wahedic ex wtensi .el Twit 20I~ aid Iix left blet kioa(21'ofati i i .VP ftli xul rtac ii.xa ai

toiiiauiiit df ii 1:50t 0 illmuruilt solutirii ( 'IICriiCr La ) fuoriiir d1r t1r eoiimltol ih ubuicicl.a il ae u

roob teahiii roftheC -['lie clsinl SIcr idesc preparatin wiere ekiam- epueriens les poirthanl O%(f thle MiiVpr1 wa[1sC'IIuii in1ili
0Y med run a Nikon fluorescnc P andlienuisedmp t e 'uipe wit 00 Shtosoiw rcionApoimtl t' h aeld.p a
mpripriwith fltoersceand mirofhoylex UTVX camer vasytem. Ph--l Theru majoithe codtof e mea fud ium. l cltlc lfcilt
tnii-raphsl -lig Kuidak T-MAXll todtc panrhilm.ic coussen l;lr5ix an lrvousiato reortta 'pr in niamialin ascallsdl
ponjugasted "otritliilut niulglbil Go ctt ASA" (0.ff study theNCII11 celula IueaiiSto ifOd \'pr withou the efect (if' otne

Swires.Te sraienciBc 40cls were wahdctinfclNted. PB tr anetd. Iliclbl c V-I , cmoets.cthens NLXIp (~ i il 11LeIire wfltolas clone

do nebrs d fis r qu mi oudfr n iit Sl ciuititn oLr u l" me iiiii 1 ccxltilri t- ibri ( Ii to Ioi c il i~ircet wit p5 R 1V P s ) rid icore cts kk ii r ad it upr

2.5'i' iu 4-in t/o.50(irpm or IS ru-oiniiie a hiecriua i (i- ito r.c'it h- < 1 of t)RVhRie mrrcit~itiri cel p ulaion used T he e fress ionant~ioni
Patolicales o xcr tuieF[C siut nait wSlidientpi-prtiuiii throeg a 2(t'l contaimnts b Lrth the n 4 '.; ofail e ibaxcr ",:I,, -orndi I anct
sincd is Nuikoinii prepred iiic m~3Sitrosco(( pm equirpe wJrin th ctiiriiui I-acllleuemi Aproinustpel I0ý of tile\- laee prniii r -asil

iippropriite ii t ersc mi d iii S\25 icrotei UFX cari.(ll syp tei Pli - Ii ii ~ i ii tch's u condt~ionedii medaiiiiium f. ltcci i luxrii
4 V ractjnis wee ic)ird crittclc ring todak trill fttcilmb. push )\.\es ion an lrcalizati cel tVpxc in5 nainchiaia icieits. tlr

processed to ASA 3200.~c'siiui nt ItRI (l V-2 C0a loaizaion ( (it Ip celhols th( ffc211te

sursegadet. S0clsr v~r inflcts. aridscced I tic' cmoells. \scic tibctcd a iti G jieuicrnc %%ad xcionedI
ill~~~~~~~~~~~~~~~diii kuiicnl jIj~ Iil is(CC-l)L jO C C111M 110 it 'rSiiic.I iificIiiibi(iiic n ash. vcx t oix r Mic ll. iii~ iihJ lcii aC-

dlms w'aSIi, iloved i ii li t~r i le II ~ dI' - infc lCLI medium(s by cc'\.iiiii finus boh hc oril r eiSIiicx isiitct S NP s ýItti iIc011lC or c ritcisciiii ci

ctli tioul iriil 2i.500ci ctmfiis' fol. I5 flu N -l a iBeckmanii I ll\ stialol ipSRii RIc)i xxisi.Si;Iiiiolc 2iAitc.i T hinie (iiiiic'iii" \\ Iid\
px I ýlicls,)\( ( \\xis col cl inislcrlik, siicc ii clitioiuhn t ioti iiici2Wi,l cIltjiich \\iili tile SV40cc's i kc enhanlc er iii ii" ' iiid l 'and1.

li 1 ccII' xxicl t\CI'ci liii 2(.I 1( Ioil the ti l II I (ltc icimmn. . xcc l li ircillmI \Ictlict\ ii t'l Cel I tic - ctanild li t il li'lic li \,

I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~INil Olitlxmi xxmmiximiic jhnctx lt nxm~tiil iil I IV- lii' Iillu cnniii'ni S mI nteuicll,, m (21 liuc tnnl.ui
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A c ~protein, consistent 55011 thle reriioal of 17 anlhiiii acids from thle
"V40- 1 SV0.11carhoxvilterulints.

iI~ ~ Fightx'-tour percent of p FM-\'IR-e\firessed V1pr was found
RAI Is in nuclear f'raetioils. primarily the rruclem niatrix and clirorna-

'SR~ psti'( PH till fractions (igr. 3Bi [left] And( (). Thisreslt i. inl aereelleIrfl ~willh the fractiOrlatioll data \kith) pSR-VPlR-expressed Vpr(F.
lA-sn,2). Eight percent of' pI'M-VP1R-esiprc.ssed Vpr wVaS tig~ihtly

c ~associated w.ith r he rmembrane fraction ( ig. 313 and C'. M FM).
The possi hie d sle re lcy. ill tile amoil unlt Of? irile riir~i neass Ic i-

B) at ion (if Vpr espressed withl tile vaccirlia %irus expression
s\sterll colriipared ss ithil te clara obhtainred with pSR-VPR

A ____ ~ ~ " "~2) ay he related to thle sieginiiialt ly fliglier level of (~Icsi0 1
5' 14 H S' It HS f Vprlvt tile \aerriia virus, expressioir s\vsterii tialal with thle

SV40I plisniid expressionl 01stn1\1l 4"' of Vprl wakýs found1 ill
IPA the e\'tosoi (Flie. "M arid C,. (YT). aind rno dcteerahile Vill %%as

released f'rom cells into the ccli superainitml.
Deletioin of' thle arigiriiii-riei C termiinius of Vpr resulted ill

a dramatic shift of Vpr cellular localiatiori (F-ig. 1B [ righit] and
C). Oily 25'; of tile trurrcated Vilr was retairned irl the nuceae~r
f'ractiorl. Eur11tieriniore. the dlist ribution illnucrilear frarctionis of

tiG.2. Io~ I, Ho )_7 COS I (it V~ pr expressed ronil pSR. 1)TM-(RST product wsdislirietly dit~icrirt fromi thlla Of
(A)i 'pi ensc lp)StR\ t'ksi ziid ilitiscilse ()SR- I' Ra ) e \firesiori piM- V PRI. with tiile ni io rilty (If tire t runrca ted p rotein i i tile
pita xii clx whirchi i ncld: tri anisir iptc Ii ionat errira reer ( SV4-ori)iu . a ~ul~pan.Tei v-burp c it(ftl II-CRS o i
irarnscripiioilal pioniotcr (11 IIA -1 loric termlinllt repeat IR Li I -ý). and nce.olsi %et--u ecn f iePF -RTpocl

aI pokaIcrcteilsirnison n sccpic1 nC~ICIC lpolv/i-rlsl. (13) SuheehILlal~r wals in thc postnuclear wash, cuumpared %iith 3' (If' thle
traclllinatior ito Vpr espo. ssccl in ransf eciecd and 'I teJ~ucine-lahcled p l-VPR prolduct . Thiirty-eighlt percenlt of' tile muLt;rrrt Vpr

05S-7 cells from pSV-Vi Rs (S) rid pSR-VVRar (A) Iil postin~Clc;Ir was found in tile ctslcopa red withI 41¼ of' tilie pa rent a
%taall ( PN\\ ). iucleofilasi (NL( LITL). chrormatin l(CIIR). nuclear Vpr. Similar amounts (If pTrm-CRST arid pTM-VPR products
lhalt 5 NIAI), cstoxo ('I membnirahne wash (MW). arid nicil- were hound to memhranres,
I] raic I ML' I i NI F ittCI is kiI ilicla irils ifl eachI fraction were nimmuntin- I nd irect im)mu niotluorescence localIizat ion of Vir. Surihellii-
prec i pitiard5' iI icclt t ii at i- Vpr anirsc rum MIiard aIdVC na hecNi SDISTIA6(_ I a r fractioniat ion expe rimeneiit s inidicia ted predominant li ca lizar-

Thecletiohorli poitin o Vll s sottllov n arov a tie Tt~lt. ticin of' Vpr iii tile nucicuIs. TO1 Ccnfiriii tiese results, indirect
imlnunoilluoreseenice was perf'orrivie2 with fixed cells. l3S('41
cells were infected with vTF7-3 and then transfeeted with*

tion inciluded 17't (If tile iritroccliular labeled prolteins and pTFM-VPR or pTN'l. Vpr wats detcctecd by ariti-Vpr rabbit
44"f of the total Vpr. Thle nluclear nmrtrix included V4' of the antibody arnd visua~liZed with FITC-corijueated anti-rabhit an-
intracellular labeled proteins arid 5V¼ of' tile total Vp~r. Less tibody. I nternse irnuntnolluor _ýscene wats observed in thle mia-
than I; of the total Vpr \&as found in t1e Other cellular jority of* cells transfeeted with pTM-VPR ( Fig~. 4A. left), hutl no
f'ract irlls. ILIcOreseerilc )x as observecd in cells transfet'cec with tile vector

Truncation of the C terminus of Vpr impairs nuclear pTM aloine (r.4 A, right ) oir if- preinimune scrurn wats used
local izathion. NotI 01i clea ic~cllcaizi atIion si ena Is eonsi st o f ;I short (noilt 511(1W 1i).

stretch (ifl pursitivelv charredc anilino acids (Is). Iriterestirrely. Fou ye f tiimptcn ir bctdIlI~
thle C termnlinrs of Vpr Conltainis a high prolportionr of positively independent esperirlicits Iin %\hiich Sit cells were riridoriml
Clchrecd aminro acrids. inircluirig 7 cirgirrir rcsidcf is aimlori tile selectedl andl erlimrtl ed(11LI. Sity,-two p)cT'reer 01f tile Cells sliossCc

( -te1iiiiial 2'0 amillo ;16di' 3A' ). Io clirracieri/e tile (lie aI (i~liilc' rirelciricit'n focall hlciliidicc'dui xt;Iiilg 1;ltieii(lie
of thins (-terriiinal scirrerikCe. ci \sCIIL \i1111ric insexprssion slsstcn 411. miiddle). lb1, ililcicrs is, iscialiic'd I\plirse-coilal nitniI-
Vwas Used 10i ICreliexe irli_'-les ciL hicl~l rrXir l prssi~lll of \pr. crloscofV (I li,-,. 411. left) andc iilriuse aiitlihistciie arnd ridaio lncriri-
Thec NTI 1IXA)Ai((p~jI i/lieri gnci ci~lltci irnto 1il1 '.`3 it Criiijtrecrtel crrlti-m'irtccunihtfodll: (I ie. 4B1. rie-llt). I kCnrv-secnri
picusmicll utilizing at V7 pirrnioirie lor lieicrololgours1 geneC exprcs- prceItI 01i thle Cells sirowAccl local pCrirrceCir stcrirrilie ililk. Six

sioir. Iblis piisrillid \\as cdesignareci plMrv-N1PR. A ecirhosy- peecilit Of tile cllAs Ilad ditl1Ise peiririclar srtrrlrlul'- w\ith
termicrim triinecatiori iititiril oI plNI-VIR. p'lN/l-(RS-]. svcis intense iiilriliiii 'litioreseerlee: smruriirriliriC tire liticicris. Four
Collrstitiered lh% frncrnsllrft illit~ilioi at the St/il site. A recoin- Ivcrcrit rif thec cell, showekd oril clilluse: iluicmi stailiriew.
hlrrrir %Scrciriri \jIrrs. \lI 17-3. \%lnch enllcdes '17 RNA jiOls- Influence of6(ng, p roteini on \pui ex~port anid %i rio I ricorpo-

lli.1 ile %%Iis Used or expieslsll~l Ill lniiiirricrlimrri cells, ration. Ili IM IN-111-iiLAci(Vi clls. VIl\;iý 10111s toii~ hie exiloniedl
[it(C 411 cells wýcfl linlleeld \iili \ 11 7-3 mld trimislcicid \\'iii Juno ilic iicdlitiii ill 5' il partidcl (I I,- I 1 (. 5 uioilil nio

pIlM1 P ()I' or i Mi-( 1<5. (,il ' i.Li 55 hliidied %kitih I i fleii e\p(iil wasr hmiiiid N Ilcil \pIi \.il C~liicxcCLI Ill lie' ib'CIiCC Ol
(ilc. cl silic~iidiilsssi,.lii' stcl. iil (isii~ic~ Lils('ci ,iici \ iiliml kl~lP0ilICiiis (1 1C ). Iio OIsLs tirict)(Icliiciiis

Iilrctiuiiicrtccl d i iiciiiLiii0)] : 11CIIi'ihiiiIC scihi.c 0l'11C. Itild 101i cX11li. N1) \\Ii ss.is Cic\jiICslCc \N11 111iC I Ii\ - (I~l )';

ci,)LlisnrclimuicII. p ~ciriim)1ilii ilmd iiicc';li imilti). I q[l\1 x\5c'i inicciccI \ ilh \ 117-3 duid ti.iiistCOCil \\r[iill J1 -\1 llI
ii~lI nlillnrts I~j in ech trictluli \\CIC lilrml lm)iiiiilimtil \\ Iii cihiric.II lN(I V, mlsimie. iihu isirils sd (illiic cr
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A) anti-V PR

pT'M-VPR pTNI

B)phase anti-VPR anti-Histones

1:16. 4. I nmu no Iituorcsccrncc localwat 11)11 11 V Il in 1((40 cells. (A) pTIM-\1PR (le ft)- or I-TIN (irish 1)-trans1tweid %T I 7-3 infeccted cc k n cic
InIcnLaicd %%ll o ihc anlti-Vpr diltiscruil and all 1-lIC-conjucaictf Woll iint-i biit lm1111Mrlnolobnl.11. %NlaifitIIcI on. x lsSi. (13) 1 Iahriml.!lnificalion

7-52) h% pha'c-colitralsi iiicrioscoji (left) mid fluorece.cnce mnicroscopy (mniddle and rich Il of a rclprCsclltltii\c cell Incubliiacd nihl antiVi.\'p
anil-.ruln and I1: V-conitigated icoal anti-rahhit iinintinloc-Iohuln Oncclc fidlte11r %% iii excitationi rance (it 450 To 490) inn anid cinnkson ranac ot 52-10
to 5611hi nti) anlt] anlihistonc antiicrunn aind rhodlaminc-conjumimcd goal antirniouse ilninninollllikilin (I richt: jlt r "nilt cxciatiol raincc ot ) 10 toi500
inn and (Imission range o I > M)90 nm ). D iflusc n ticaIc~r ( thin arrow) an I I ocal Ip-crinclcIar stainning (thick arroN )a arc indicatet o in (tic nitl IICJdl1C acI.

tru ncateld formn of tilceC precurisor plotecin. pTM -G AC(p4 I ill 11McrNIbr1tcs IooscN ýIv SS icia cd W it hc u1C 11I car ; c ni bra nc~s.
iii "h i cl all oif t hc am ino acids Itol w ing t hc first (N-s-His box These cxpc rifilnt cidenst1 i ficd tli p rcdomni ant associ at till of
of \C as wAcII as thc C-tcrminal p6i coding scqucncc wcrc Vpr with tlic chromnalin atiti tnuclcar matri\ fractions ( Fig. 2
rcnmo ctf. This construct las bccn shown to Producc % irus-likc atid 3). Thc association (if Vpr xv iithc ntclca IlIII~mariX is
Pariiclcs inl tlic -Iccillia x irus inlccliollti-tanllcctitii Nsvscinl Iin a unlikely to bic spurious. sincc it is icsistaint toi Nonitlct P-40).
mairii~lct similar to that of' p1 M-GAG (not shown). Whcn DNnisc. and high-salt extraction pirc(t'tlircs. Although tilec role
tocspresscd with pT%1-VIPR. p41 appearetd in tile supcrnatanit of' thc iiuclceir matrix lin transcripilionil rcciilatioii is uniclear.
but tidt1 101i result lii the export of Vprn from tilie ceclls (i.513). several studies have indticatetd tha i imnla\pla\ Mii Impolrtaint
'[lie allure to detect \"pr in tile Celi stliern~illta %\:P (]ic t~n o tile role. The nulc~ira Ilmain ha~s been~ I-Trepiiniet ito ba ha\ role)I ill
aihseilte of Vpr exhort rIheItI iban 1 toile lower t.11LI116 .il p41 iRNA tliimsti~ipioti ý. jul pileesslin- \i a its in~iisiltiiiii iii
Giau, p~irliies priltlneet. 'ilic liti \'Ill s\ti, dctletet. ttII ýihii ala;iiiilieit intll ITT ja>-.lIimIii \\liiilt 'Ictk ;lyiiseiibetl 1I RN,\

eulilrasi. Ill the sanlie xec ilt 1irilt(4Itiiiil kit p73Ž hoi 311 ncinr 3.4.Stellcii rdii.eii eemjli

p1Nh-GIAG resulted lii siciinilitxiii ct' i tl ,i ocil 0.S~II ~IClidlt.t'~I;CCikdI

D)ISCUSSION itllil'eli (fl piitil15 jiiits $4). /lm( cele pi/ultix I )ili-
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,,nmunodehcienevy virus. J, ViroL- 67:90)2-912, Kiyomasu. A. Is hi nioto, and A. Adach i. 1990 Mutation a dli armsis
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0 Human Immunodeficiency Virus Type ! Nef Protein Down-Regulates
Transcription Factors NE-KB and AP-1 in Human T Cells

In Vitro after T-Cel! Receptor Stimulation
JUAN C. BANDRE'S \\I) ELL RVI NFR'
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St 11001 ol ofA Ido tot'. Sr. 1,ii ti. It tN oo ( ?110

R-cets ed 12 Nttveiihet l~3.\cpc It, Ief Chi ars 0014

liumnan immunodeficiency virus ty pe I MINAI- I negativ e factor ( Neff) has been stio~n to do~sn-regiilate tile
transcription factors NF-KB and AP- I in ,itro. To define thle mechanism of action of thc Nd llrotein. the signal
transduction piathiways which may he affected in TI cells by constitu itke expression of the nef gene 'Aere
examined. Stimulation of I cells with tumnor necrosis factor. interleuikini- I. r lipopolvtysacchairide resulted in tile
recruitment of transcriptional factors t) a similar level %shether or not the cells expressed the nef gene. Oii the
other hand, stimulation of I cells by, ilitogens or an'tibodies to thie T-celi receptor ('TCRJ-CI')3 complex resulted
in the downii-regulation of transcriptional factors NF-KtI and AP-l in cells expressing thle nef gene compared
with cells not expressing the nef gene. Because the Nef p~rotein does not affect the surface expression of the
(713-ICR complex, we conclude that the Nef protein dostin-regulates the transcriptional factors NF-KB and
API'- in T cells in vitro through an effect on the ICR-dependent signal transduction pathway.

IIIJuman immunodeficiency virus tylpe I (HIlV-I) rcegativ ye '5 v( ' affected in I cells by constitutive expression of tlte nel'
factor ( Nef) is dispensable for viruis replicatioii in ,',ro (10f. 44) _cene. Wc found that stimulation of these cells through path-
hut is, essential for thle pat bogenicitv of the closely' related %k5 avs orit-mflattino from tltc 'ENIor IL-I receptors is not atlected
simivan imminitodcfieiency virus (6. 2ý2). We have pre'iOuISlV by\ Net protein. whreas stimulation of these cells throult11 the
reported that Ill V-I and simnian immuonodeficiencv virus NJ R1(R-CD13-CD14 complex resulted in down-regulation of. proteins affect virus replication in vitro (33. 34) and tha this N 1--KB1 and AP-I I tinlie presence of Net protein comparedl with
effleet Is, related to down -rl-Cu lat it ) of transcriptional facto rs Ithe parental ccl) line w it expressing the nt''1 -,cnc.
NI'-KB and Alt-I (3ff. 31). 'These transcriptional factors nor-
nuall ree-ulate the expression of genies involved in '[-cell
act ivatioti andl proliferation (16). The IIIV- I promoter pos- MATRIALS AND) METHIODS

sesSes mult11Hipl binding sites for both NE--KB and AI'-l which
;1llow% thlevius to subvert thfe normual aictivittif tes faetcors t0 C'ell fines and nuclear extract preparation. thle cell lines

enhlance: its 055 replication (29). llsed include~d JurIKat (ESk) hu11man I-cell clone I133. wh, licl)

[h le lneeluitism h\ wkhich I IIV- I Nef' protein aflects ina til\epeesthe Ncf protein derised trout the. I lI\"-

transduction ts, unknoss . Although11 I IIV- I Nef protein also 11IZolat Nt1-43. and it', parentalI euititrpart. clone -If. xs hiel

tfo~ ~~li it-eCiIte tiejll -tiracc C\Xrc~siott of- ('1)4 (13), tlK does not esprecss, Net proteiin (26). Confirmiat ion of Net protein

tiic~itttst I Mi thil tClttLi is aist tiitý)(kiis It. Iloksever. this pitt.lIiOilio pciler) lii d 
1  *i itlio rcptiii \ %fl itlhra bit

kIuittliOn ICequires the l opa: ii domain of ('03 (1-2) Bc- 'tilit-NI'f sCruillt and \S"I~l e Ne tbot imnnliuttohlot ) tamiksIs a,

nicmbitiesic. ,intd .5 itskel.ticio ( I I. .) it' elilects oil ttijichear phase inl IRl'Nl (I( I nLM I I~f Ctdtiisttitiitd

I ct l. Csi. Nci li -, IFiM 1. 1, I 
1
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* (Sigmia). when used. was added to the cells 30 mmi prior to thle At1 3

stimulofantls to at final conen t rat ion of 1010 ILNI. Nuclear extract.,
were prepared from 5 X 1() cells ats prcviouslv described (30.
31 1) with the following modificat ions: alter amiimonitm Li ulflsitate W
precipitation, nuclear proteins were resuspended iii 10 tl) .l of (n20-

2(0 nM IIEPES (N-2--hivdroxyet hvlpiperaiiine-N'-2-etbaneISuLI- W
tionic acid [pH 7.9j)-20 miM KCI-l miM MgCl,-2 miM dithio- 0
thlrcitol-1I7%ý glycerol, with the addition of 101 mM sodiumz
fluotride, 0. I mM sodiumn vanadate. and 501 mM (3-glycerol- 0i 10
phosphate. Bitnding reaction mixtures contained 2 [Lg of nu- 0
clear extract, 2 fig (if polv(dI-dC) (Pharmacia. Milwaukce,
Wis.), 20.00(0 to 40.0(0( cpm of end-labeled OligonuleCIotide
probe and the equivalent amnount of labeled probe in cach 0
assay for- a given ex perinment. with or withbout at 1001-fold miolar IL-11 TNF IL-i1 TNF
excess ofunliabledIIL OligonuICClotide. in 1)NA binding butte i I

a finial VOlume (of' 301 to 410 VI. Reactions were performed at 22F6 133
30'C for 2i mmi.

Gell retardation assays. F-or the gel retardation assays, thle 40

following double-stranded OligOnLuCIeOtid-cs were used: N F-Kli.

A('AA(;(Yi(111((';-"(;GA('TIT(-Cf1GGACVCCAGG(GA: SP-L W 30('A(iGG(AGi;(GC'I'GGC'CTGGGCC(GA("1'(,GG 6A(I 3M

lGGCI'CURV AP- I. CAGGGICCAGGAGTCAGATATCCA
'1{iACCM11GGATGGTGCF, and USE. GCCGCTIAGCA Q
JTfC'ATC(ACGTG-(i(CCC'GAGAGiCTGC. Z 20

All DNA probes were gel purified aind end labeled with0
1-y- 2 PjATP. Gel retardation assays were performed as previ-0
tiusly described (301) by using the radiolabeled probes. with LL 1 0
l)NA-protcin coimplexcs bcing separated from the fre-e DNA
probe by electrophoresis through low-ionic-strength 4.5%7,ý
ptilvacrvlamnide gels and run at 200( V with Tris-borate-EDTA 0-

IL-1 TNF IL-i1 TNF
(3.7 g of Na EDTA, 54 g tif Tris. and 27.5 g (of boric acid per

Sliter). The intensity of indicated bands for DNA-protein com-
plexes was determrined by laser densilometry scanni).ng. 22F6 133

CA'assay. (hlb (ram phe nicol acety It ra ns fes (CT s I. 3. C~AT assay shn nlin g thte eff cti of Nef' protein on tIf V aint
says were performed as described previously ( 15) withl samples ~tr~inseription. ilirkat'l cels (221:6 is the parentiil cell titeand 111 3
with the same protein concentration as. determined by tile j.x the Net protein-cxpressing cell tinle) Arer iransfecited %%thftl fV%- t-
method of Bradford (Biorad. Hercules. Calif.' ). Transfections long Icruninida repecat-C AT IAan I 011ncubiated for-4Ii hioaii eon'n

%crc performed in parallel with previously described reporter humanI ft,-I or INF. Siniilir experimenits %kith Iti -\%ereIt
plitsmids Rous sarcomna virus-CAT. HIlV-I -(AT. arid I L-2- performed vill 221:6 and 133 eclk. (ells k cre transtecied tair wiles
CAT (1, 41) in both cell lines. and the results were' normalized iklf cithech pliaslilld. it ilea1 fltld] Iniduiction wkas C.lilcltd. '1nd t11e

LI the values obtained in parallel from the noninducibte RouIS staalt~d deviationl of the meanll v.iI as I deerined FC. [ he 11Cei CciuIICCs ol

xstreorni virus-CAT to cotitroil foir transfection etliciecryc. Re- ;iceiitlatioii oi I f\.IV .('AI 1kcre 4.610. ((1f1AI and 4 4 - i-INII

actiontin(t, prod cts c wee nalyzed by thin-later clihronatograp~N to'l6 22 1Cells and 1.9) (1 0. t1 -11 111d 4,/7 (),3 I NI i ( 1 cii

il (ovxx e \ atoragorapibv and liquid scintillationl couintinig,~ ~ l~ilcso mes~iomtmf-CA d l
;ldF -07( 1 \t1t) loul "1 C0, ce ik mld t1f ( 1i 1 1 1 'Ilmi LI(AlI 'Ictivity \ixs expiesScdl as told ireesin tile peett~ tNI r i

mIII r~dtoJetixilx II inlte JCCtVItted tOrrnIS eOMpltipCmre witl fi tle Mtill
oflItht oit ilt ;m~ct\ ki~ted and uitnacctx'lated toltnN.

Im~ ~~ ~ exiit tc v L 'c s mi p: tet 1Ai Sct~mkt PI 1A~~t.i l0 Ill N xxind miutihic iaiiic itti mlletectlixi Itt s) \,'scitc

;iiciitll ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~i cellic(211Wl tiIltelýtictirIN I x- t olx5l(ul (1 int, _'A \I Kl'sI I W'1 2Bi ticl'icdi AP I I xcI

I IS. aid (tc ism ltsx imw dlml tl cindlx (Ii tltc (mum stii((ImIII tlii.(iiiths c III 1\,- lc illk1 i f) Ii ,,ýll' 1

MCC (I~s~ ml m I,(m1 (11k ~ CC Imite cm theiitm lt i iittC cI .il)' 13, ; Ind I' It 1111Iii'.ct %IItI!nil I'M u it "I cctls 55lk.1 ii III ('Mt 1 Ofii II"

Cui e l l u 11I ( "I'(1). mmmiC 'Iltlec ie t ti~ (hr II Ii ccli ithe Il)ci II c51 0icshi Sm 1it ;1 )i'dtAP Ii h\ii i1t ic d IIIll , Of I t~ \5ci

1F 1, ti old I rll( k ilill \LI m (ltin lmi t- %%fii ll t htt oii hi l si' 5115 Ic plli cil FIs wII I lis k cc.ini. II c I lL (i li i i
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FIG. 4. Eflect of Nct protcin on induction of transcriptional factors A'- I and Ni-KBi inl I Cells Stimulated with P'MA dotd Pi ]A Iin the presence,
or absence of 11-7. Gel shif t a nalvsis sflot ws induct ion of tra nscriptitonal factors USI-. N"F-KI 3. and A I'-1. Jutrk it I eels (2211: is tile pa rentali cell
line. and 133 is, the Net protein-expressing cell line) were incubated for 4 h with MIIA and IPM.- (P P') or sterile ss lter ( - ). 11-7 ss as added 10 mill
prior to the incubation. Retarded l)NA-protein complexes are shown: free DNA conipleses are ti0t ShiM ii but A cre equis iletit Ii each lane. [ble
experiments were performed threec times. with similar results. Ithc relative intensity of fthe hanids was evaluated by. laser derisitoitttetr- -

w~ith TNF ort IL,-I (Fig. 3B3). The results paralleled those levels Acre ailready fix efOld lowek~r for tlic cells stimulated with
obtained wiht I IIV- I-CAT. These data ittdicate that Nef aitti-(') thanit forl thle Net protein-expiressine, cells. When the
pro. cii;, dt: is not a fleet tilie indufct iotn of tranoscript ion factotrs ibI Oltt tt tic (cot ide fiot /\P-I %kas uised (Fig. ,C ). similar results,
the paithw\ay,(s)oit TF-cclf actisatiiin ttriii'iinaitlefritni the [NI-or wecre obtatined. ss ithl difiercttecs, of' ciohtfold fotr thle anti-CI)3
I-IA receptors. aIltitibod ils sintnitiott oft 2211:t cell,, cottpairedl wilh tile 133 Cells.

lTo further exalalet thle effect,, of Net proctein on Tottt liteirrohol-itc that the effects, on thle rc'mlatittio ott thle
trattsdutiotin after I'MA or l'1 A stimulation, the effect ofi nts;iloilciiswrlitrltdl t taieitoil:ei

adlditioni ofl a ptnictitt kititse inltihitttr, 11-7, \ýts exaninlied (Iig it\ ( 'A' Isd \ C petlictritte m I Hii- (0) I lie Jkettae l

-4). i1lte noitiitduiteile t~icltt) liSl wasf, used ifs at citltiti (li ;ieclsl:Itiitn \was klkt:tsed h\ si\fttld \01 tIte use itt II- Ill

4,A). I'MA ofr P1HA Itductionti of NF-KB 4B)-ic- 41) wItill-fold -22l:(tCells stntil;lItd wItlt anti-C 1)3 fur Ill\ -I -(AlV I -c L
Itichecr fin the 221-It cells, tltai fit tlte 133 cells,. [Ftcle it:o If--7 IThe ditirceltý hetwecit ttte pereetitLIte iot aect \l~ition ill I (I
resulted itt at signtificaitt rlceeic;isc fin NNI-KB ittilttiitiol inl t1C mitd 133 cells, I I 1-i. (IMill It he ibsttee: iot II - \\;Is hefldxllr

cells, titat did tiot express Net pritteit. Sitltilatlx- l'N< and cells" weti stilitiiil~tte \\filt anti1-Cl )3. I tec results \Isit ti1e
PIIA resultedl Iit tite ttdtictiitt of AI'-tI Le -W) to af lesecl tita HI. -'-( , \I plI'ntid \\fitlh tttill -'-1 (l ie.ttI.t (3('1(131 ( I ILt>

Ia IS timeis ilerin file cells, tilt espre'ssitto Net priltein ithitl cells ai!tilt plltilleled tIttse (it 11t.,I I Il\ Il- I 1ptisttttd.exet

Ill thle cells, :XPresý Ing Net ploit-in. 11-7 bloc.ked theC IMlILtillt t11 lt tliceea! difiitlerttcs foundi btwe Ilte Net [lien-il

ot .\I- I inl tlte 2-I "lcells. Inl holoh ases. ulte iddlitiitt it If-- wi eýpesstt ~-i111d1 tlte lIMteltttl ce'1 hll, i Ies l-uitltettttote lll

Ill, Net protein-cxprcssxin cells diid ntit caitsi ;il1\ (uitlttcl (itliltites s itl 111 11CiIII L- rele [tit tuk Iteei('cx Net f I

teIcis I IIit.t tI tireds it ltloý, 1o it e\1t1 cstIllof tll th esetI t etit etleet *:etiLllsII Cl spt essi in 11t(20 IKll, I I'

11t111setipltiflt fact rs. ptsite Wteitilet.'t thait Net e)01lle dtimit ICntiles~ Ill,

Io iturtil tet etitlisli thtat 11the eliectsIi Nof ni V1 pl ete-1 itiltietitIn1 \t KI- -It t \Pi I h\t 11IntIaCuIILi %\flt il> Olit! 0Ileh

rel~ticii to stinttitimott tftritielt itec IC R-( D)3 eitttpie\ l'ith steps, ittsilset in I-Ccll 1k1lt;itit Io oll - ICw 1: CR ) I)-
luirkat 2210 ttind 1).3 cells, were stitititLitei 1), ailti-(Ct) cto-- O)ltlples

ll kite fit Othe pl ese ltiC iM dibsltte (it Ifl- die. ;t Nli i lliite-
tIIL1'k ltltstltit'l ktittil I sI ýi-- iscid I, aI coitrol tH §- \i

NI-Kid Iutriticttiit 0ic WT tH Ill 2211t tell wCII s ittICA reei I- cli'ii

it\ the additttitt (it 11ie ;ltitthINiilis. It) Ilt: 1ICR-C D", cttittk-xc 11it. titil f l IMl\ I Netf pit~tlill tiil eti
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~hly localized tracks of human immunodeficiency virus type 1N~f in the nucleus of cells of a human CD4+ T-cell line
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ABSTRACT A human T-ceil line constitutively expressing and that the association is enhanced by myristoylation of Neft:e nef gene from the human immunodeficiency virus type 1 (20). The distribution of Nef in the nucleus remains contro--F2 isolate was used to examine the distribution of the Nef versial. Some recent studies using immunocytochemicalprotein in the nucleus. High-resolution immunogold label- techniques at the light microscopic level have described theng /electron microscopic studies with polyclonal anti-Nef an- possible association of Nef with the nuclear envelope and thetitbdies on nef÷ and nef- cells revealed that a small fraction nucleoplasm (18, 19, 21). In this study we have attempted tos' in the nucleus and it is localized in specific curvilinear resolve the question of the nuclear localization of Nef intt ... that extend between the nuclear envelope and the human T cells using the high-resolution method of immu-nucieoplasm. An examination of the sequence of the SF2 nef nogold/electron microscopy. The studies done with a highlygeme revealed a putative nuclear targeting sequence that was specific polyclonal antiserum to Nef have revealed that areviously found in several other eukaryotic nucleoplasmic fraction of Nef is localized in distinct tracks in the nucleus.proteins. The nuclear localization of Nef suggests a potentialnuclear function for this protein. The presence of Nef in distinct MATERIALS AND METHODSnuclear tracks suggests that Nef is transported along a specificpathway that extends from the nuclear envelope into the Cells and Antibodies. HPBALL human Csd4 T cells ex-audeoplasm. A previous study [Meier, U. T. & Blobel, G. pressing nef (HPBALL/LnefSN-S1) or transduced with a
t toz; Cell 70, 127-138] has shown that the nucleolar protein control vector (HPBALL/LN) have been described (22).o I Q er cells (Nopp 1 40) shuttles from the nucleolus to the Cells were grown in RPMI medium containing 25 mM Hepesvu -iear envelope on distinct tracks. The present study has and supplemented with 10% fetal bovine serum, penicillin,n31ed that the transprtit of a nck ea preten m ay nd streptomycin. A rabbit anti-Nef polyclonal antiserumondistinct th ansort ofatw ays.r (23) whose specificity was established by Western blot anal,W r on distinct nuclear pathways. ysis (see Fig. 1) was used in immunogold labeling studies.Monoclonal anti-vimentin (no. 814318) and anti-actin (no.The human immunodeficiency virus (HIV) is a complex 1378996) antibodies were obtained from Boehringer Mann-retrou--us that contains several genes that regulate virus heim. Monoclonal anti-tubulin (no. MABO65) antibodiesrePlication and gene expression(1-_3). The role of one ofthese were purchased from Chemicon. The specificity of threeS,-e. nef, has been the subject of a great deal of controversy antibodies was established by immunofluorescence and/or14 Nef is encoded by a single open reading frame that Western blot analysis.- with the 3' long terminal repeat of HIV and simian Western Blot Analysis. To determine the specificity of thei.xdeficiency virus (SIV) (4-6). Nef is a 27- to 32-kDa rabbit anti-Nef polyclonal antiserum, HPBALL/LnefSN orPro:ern that is myristoylated at its amino terminus (7-9). In LN cells were lysed in 1% Nonidet P-40 buffer and proteins,kxne instances, a 25-kDa product that is not myristoylated were separated by SDS/PAGE on a 12.5% gel. Proteins wereha, been reported; however, this form of Nef is not always transferred to a nitrocellulose filter, probed with the anti-Nefdetectable (10). nefmRNA is detected along with that coding antiserum (1:500 dilution), and developed with goat anti-for ato and rev early after infection (11). The presence of rabbit alkaline phosphatase secondary antibody essentiallydn.tutsXlies reactive with Nef in patients infected with HIV or as described (24).

In macaques infected with Sly is evidence of nef expression Immunofluorescence and Immunogold Labeling. lmmuno-S. 12-15). Although Nef is not required for replication fluorescence was performed as described (25). Briefly, cellsit is present in HIV-I, HIV-2, and SIV (4). The were spun (Cytospin) onto glass slides, fixed with 3.7%S :ion of this gene in all three viruses can be consid- paraformaldehyde, and permeabilized with acetone. Cells
e .. n indication that nef might have an effect on virus were then incubated with the primary antibodies [diluted 10-'-.' 1cd-tion or disease progression. Indeed, experiments con- to 20-fold with phosphate-buffered saline (PBS)] at 37°C for'1:,e'J using SlV (mac239 isolate) indicate that nef plays an I hr. After thorough rinsing, cells were incubated as aboveim\'Ir,tant role in the development of disease in vivo (it). with fluorescein-conjugated goat anti-rabbit antibodies (ICN;'k knowledge nf the subeellular distribution of Nef may diluted 10-fold with PBS). The slides were viewed andMrr'"de clues to its function. Previous light microscopic photographed in a Zeiss IM35 microscope., using immunofluorescence or immunoperoxidase immunogold labeling was done as described (26, 27) withii',f'ques have found Nef primarily in the cytoplasm (7, slight modifications. Cells were fixed in 2.0% paraformalde-• • -ociated with the plasma membrane, Golgi complex, hyde/0.05% glutaraldehyde in 0.01 M sodium cacodylateA" ',"Ieplasmic reticulum" A recent biochemical study has buffer, dehydrated in 15%, 30%, and 50% ethanol for 15 min:ted that a substantial fraction of Nef of HIV-1 each, and stained with 2% uranyl acetate in 50% ethanol for

at Ics with the cvtoskeletal fraction of T lymphocytes 30 min. They were further dehydrated in 70% and 100%
T' •l-J caton costs of this article were defrayed in part by pace charge Abbreviations: HIV, human immunodeficiency virus; SIV, Sima nT his article mumt therefore be hereby marked "advertisement" immunodeficiency virus." idI-, fi c with I (1 S C §171P4 ,olely to indicate this fact. I'o whonm reprint requesit, hould be addressedI 1XS
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ethanol for 15 min each and immersed in 1:1 ethanol/LR
White resin (Polyscience) for 1 hr. Finally, they were em-
bedded in LR White resin for 24 hr at 50°C. Sections were cut _ _ Fi 1. Specificity of anti-Nef rabbit
with a diamond knife on a Sorvall MT 6000 ultramicrotome poblcioal antiserum. Extracts from HP-
and picked up on nickel grids. For antibody labeling, grids BALL cells transduced with LnefSN or
bearing sections were floated on drops of primary antibodies a coarrol vector, LN, were separated by

(anti-Nef or anti-cytoskeleton) diluted 10- to 20-fold in Tris- -32,5 SDS PAGE on 12.5% gels, and Nef wasS... , ddetei-,ed by Western blot analysis with a
buffered saline (TBS, 500 mM NaCI/25 mM Tris, pH 7.6) rabt anti-Nef specific antiserum using
containing 0.1% fish gelatin and 0.5% bovine serum albumin. -Nef aiba-line phosphatase-labeled goat anti-
Incubation was carried out at 10'C for 16 hr. Grids were 27.5 rabbit antibodies (heavy chain specific)
rinsed with TBS and floated on gold-conjugated second . as described in the text. The position of
antibodies (Amersham) diluted 20-fold with TBS containing Nef on the gel is indicated. Positions of
fish gelatin and bovine serum albumin. Incubation with the pres molecular mass standards are
gold-conjugated antibody was carried out at 21'C for 3 hr. indk-ated in kDa.

After thorough rinsing, grids were stained with Reynold's homogeneous labeling of the cytoplasm (Fig. 2A). In gene-al,
lead citrate before electron microscopic examination. All the distribution of Nef seems polar but this evidently is due
samples were examined in a Philips EM301 electron micro- to the polar distribution of the cytoplasm; the thin ring of the
scope operated at 80 kV. cytoplasm surrounding the nucleus, when visible, also

RESULTS showed labeling. The nuclei, in general, showed little or no
Nef Expression in HPB-ALL Cells. We have est!ablished a fluorescence (Fig. 2A). However, focusing of the nuclei at

series of cell populations that constitutively express the nef different planes revealed narrow bands of fluorescence in

gene of HIV-1 (SF2 isolate; refs. 6 and 22). The human T-cell some nuclei (Fig. 2B). These bands were seen in 8 of the 89

line HPBALL/LnefSN-S1 was chosen to determine the nuclei examined and each nucleus showed only one band.

intracellular distribution of Nef because it is a human CD44  The bands are very faint and required long exposures to

T-cell line susceptible to HIV infection. As shown in Fig. 1, photograph them. No fluorescence was observed in nef:
HPBALL/LnefSN-S1 cells express a 27- to 29-kDa protein cells incubated with the anti-Nef serum (Fig. 2C) or iL, nef!

that reacts specifically with a rabbit anti-Nef antiserum. cells incubated with normal rabbit serum (Fig. 2D), although:
These cells were originally isolated by fluorescence-activated several hundred of these cells were examined.

cell sorting on the basis of their low CD4 cell surface levels Nuclear Localization ofNd'by lmmunogold Electron Micros-
(22). A low level of surface CD4 expression correlates with copy. The technique used for immunogold labeling was the
Nef expression and serves as an indicator of the presence of post-embedding method (27). Fixed and dehydrated cells are.-

a functional nef gene (22, 24). embedded in a water-soluble embedding resin (LR White) and.
lbe Localization of Nef by Immunofluorescence. As a prelude to sectioned, and sections are incubated with primary and sec-'.

ir,, the immunogold/electron microscopy studies to map the ondary (gold-conjugated) antibodies. We have maintained,
subcellular localization of Nef, we performed immunofluo- three sets of controls to ensure the specificity of the antibodies.:
rescence studies with a polyclonal anti-Nef antiserum on used. First, we performed the immunogold labeling with
nef- (HPBALL/LN) and nef+ (HPBALL/LnefSN-S1) anti-Nef antibodies using sections of HPBALL/LN control
cells. As shown in Fig. 2, the cells are generally round and cells (nef-). As shown in Fig. 3A, the nonspecific binding of
contained a large kidney-shaped nucleus that filled most of the anti-Nef antibodies in these cells was negligible. Second,
the volume of the cell. The cytoplasm was polarand was most as a control for nonspecific binding of primary and gold-
abundant near an indentation of the nucleus, typically seen in conjugated secondary antibodies, we performed immunogold
T cells. In neff cells, the anti-Nef antibody revealed a labeling on nef÷ (HPBALL/LnefSN-S1) cells using normal

FiG. 2. Immunotluorescence analy-
sis of NefP (JIPBALL/LnefSN-S1) and
Nef- (HPBAAL!/LN) cells with antise-
rum against Nef. (A) Nef* cells labeled
with the anti-Nef antiserum show label in

A,. the cytoplasm. (B) The Nef4 cells labeled

ert as in A were focused on the interior of the
nucleus. Note a fluorescent band across
the nucleus. (C) Nef- cells labeled with
the anti-Nef antiserum were not labeled.
(D) Nef' cells labeled with normal rabbit
seCfln were also not labeled. (X800,)
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a fraction of the total nuclear volume and, therefore, their
detection would depend on their perfect alignment to the
plane of sectioning. In addition to the tracks, a small amount
of label is also found in the nuclcoplasm but the nucleoli are
totally free from the label. These tracks may correspond to
the fluorescence bands observed in a few nuclei by the
immunofluorescence method (Fig. 2B). A thorough exami-
nation of sections of hundreds of nuclei of nef cells incu-
bated with anti-nef serum and nefI cells incubated with
normal serum has failed to reveal any nuclear labeling. In fact
there is only one other instance in published literature
concerning a nuclear protein that forms tracks in the nucleus.
A study by Meier and Blobel (28) has shown that a nucleolar
phosphoprotein (Noppl40) of rat liver cells shuttles on tracks
that extend between the nucleolus and nuclear pore com-
plexes. The Nef tracks are different from Noppl40 tracks in
that they traverse the nucleoplasm with no relationship to the
nucleolus.

In the cytoplasm (data not shown) the label due to Nef was
"most abundant near the indentation of the nucleus as was the
case with cells processed by immunofluorescence (see Fig.
2A); this region contained most of the cell organelles, includ-
ing the microtubule organizing center, Golgi complex, and
vesicles.

Do the Nuclear Tracks Represent Cytoskeletal Filaments? It
has been hypothesized that the transport of RNA (29, 30) and
proteins (28) occurs on specific tracks in the nucleus and that
these tracks may be composed of cytoskeletal filaments (e.g.,

FIG. 3. Electron micrographs of controls for the immunogold microfilaments, microtubules, or intermediate filaments). To
labeling technique. (A) Nef- cells were incubated with polyclonal determine if any of these filaments form tracks within the
anti-Nefantiserum followed by gold-conjugated anti-rabbit antibody. nucleus of T cells, we have conducted immunogold labeling
Labeling of cytoplasmic and nuclear components is negligible. (B) studies with anti-tubulin, anti-vimentin, and anti-actin anti-
Nef+ cells were incubated with normal rabbit antiserum followed by bodies. The nuclei -emained largely unlabeled with either
goat anti-rabbit antibody coitiugated with gold particles. No nonspe- anti-vimentin (Fig. 3C) or anti-tubulin antibodies (data not

ibeling of either cytoplasm or nucleus is evident. (C) Nef+ cells shown). However, anti-actin antibodies showed some label-
* incubated with a monoclonal anti-intermediate filament (vi- ing of the nuclei (Fig. 5). Although not as clear as Nef tracks,

mentin) antibody followed by gold-conjugated (anti-mouse) second the label due to actin showed a preferential ......... 4"
antibodies. The label is seen over intermediate filaments (F). M, preferenti,,nttt..tit the
mitochondrion; C, centriole; N, nucleus; Cy, cytoplasm. (A, x8100; nucleus. Additionally, short tracks of actin were seen ex-
B, x8550; C, x19,800.) tending between the nuclear envelope and the nucleoplasm,

(Fig. 5). These results are consistent with previous biochem-
rabbit antiserum followed by gold-conjugated anti-rabbit an- ical evidence for the presence of actin in the nucleus (for
tibody. The results illustrated in Fig. 3B show that neither the references, see ref. 28) and its proposed role in the shuttling
rabbit serum proteins nor the secondary antibodies bind of proteins between the nucleus and cytoplasm (28).
nonspecifically to nef* cells. Finally, to check for the speci-
ficity of labeling of subcellular structures by immunogold DISCUSSION
labeling method used here, nef* cells were labeled with an
anti-vimentin (intermediate filament) specific antibody. The The nefgene is present in HIV and SIV and several functions
intermediate filaments are readily identifiable cytoplasmic have been ascribed to it. These functions include a negativeintermcturediate friamentsdare rveadilyidentiiabler topest c reffect on HIV replication in vitro (31-34). down-regulation of
structures that provide convenient markers to test the reso- C4fo h elsrae(.2,2) n idn n
lution and specificity of immunogold labeling The results CD4 from the cell surface (8, 22, 24), and binding and
illustrated in Fig. XC show the exclusive distribution of label hydrolysis of GTP (35). Conflicting reports have also been
ilusrathed intFig.m3Ceshwthe filamexlus.ivtle dtritnof labelng n published questioning the role of Nef in each of the above
over the 10-nim intermediate flaments. Little or no labeling in functions (9, 36). The issue of the biological function of Nef
the nucleus was observed in any of these controls. These is further complicated by the fact that isoforms of Nef exist
studies suggest that the immunogold technique used here

provdesspeifi laelig ofsubelllarstrctues.that differ either in the primary amino acid sequence or inprovides specific labeling of subcellular structures, their posttrarislational modification (37) and these isoforms
When T cells expressing Nef (HPBALL/LnefSN-S1) may have different functions.

were examined by the immunogold labeling method, the In an attempt to gain insights into the function of Nef,
results were as follows. In a few sections of the nuclei the earlier studies have focused on the intracellular localization
label due to Nef was detected in highly localized tracks that of Nef using immunocytochemical studies at the light micro-
extended between the nuclear envelope and the nucleoplasm. scopic level (7, 17-19, 21) and obtained varied results. Initial
Fig. 4 illustrates these tracks in sections of three different studies suggested an exclusive cytoplasmic distuibution of

nuclei (A-C). The longest of the tracks measured about 7 prm Nef (7. 17), whereas, three recent studies indicated the
(Fig. 4A) and the tracks appeared to commence/terminate at presence of Nef in the nucleus as well (18, 19. 21). In the
th, -vtoplasmic side of the nuclear envelope (Fig. 4B). The present study our objective was to obtain a more precise
t, ,- were seen in only 4 nuclei among 100 examined and intracellular localization of Nef using inimunoiold labeling
seiai sections revealed only one track per nucleus. It is techniques at the electron microscopic level
possible that these tracks may occur with greater frequency The studies described here have iu-portant implications for
than that observed but that they are not detectable due to the function of Nef in iilV-I life cycle and for the general
technical reasons. The tracks occur in thin bands and occupy quiest1 Ion o1t Oi imnport of rFF0cn,, ies t', the nucleuN Thes haNve
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FIG. 4. Electron micrograph
showing immunogold labeling of
the nuclei of three different Nef'
cells. Note the tracks of gold par-

J I ticdes extending from the nuclear
envelope to the nucleoplasm in A
and B. (A) Arrows mark the track
of Nef label. (B) The tr-acks of Nef
appear to originate in the cyto-
plasm (arrowhead). (C Part of the
Nef track at high magnification.
NE, nuclear envelope: Cy, cyto-
plasm. (A. x23,8t00; B. x30.800;
C, x 56,700.)

show n that a fraction of Nef is present in the nucleus and that phosphoprotein (Nopp4O of rat liver cells (28). Nopp14O
it occurs it: L 'a iie racý k wiithin the nucleory'ru hinds nuclear localization signal pecptides, and' shuttles be-
precise nule role of nuclear Nef rernainý tnno -:! tween the nucleolus and cytoplasm. Immunuilgold labeling
some previous studies have suggested a regulatorN role for studies have shown that this protein occurs in tracks that
Nef in the HIV gene expression (31-34). The localization of' extend from the nuclear envelope to the fibrillar component
Nef in distinct tracks in the nucleoplasm is significant in view, of the nucleolus. These results lcd the authors (28) to suggest
of transport of proteins into the nucleus. The first examlrle of that Noppl40 shuttles on distinct tracks that may be corn-
at nuclear protein that occurs in track-, is the nueileolar posed of actin with the motive force for transport being

generated bý (the putative nuclear myosin motors,. Although
details 01 the mechanism of' nuclear transport r,. nai i to be

i N C resolved, it appears that most. .1 not ail. macrontolecular
traffic including that of mRNA molecules (29, 30) proceed
on distinct nuclear pathwkays. To our knowklediee. demonstra-
tion of a niucloplaxo'ilc protein on dIstinct tracks has., not been
reported previouslY. Th le Net' track" in the nucletis' -remrk

bl~v resemble the Noppl4tt tracks and, like the latter. niav
relpresenit nuclear tr~ansport pathways. The fact that there sis

~~ %-k m111 one Neftrack per nuicleuis slgicest that Ne rsessto
I ir Jlý Othe nuc leus alonto a siiel k st c-ef!ic pat hAss iv nto the nucICo-

snAs has been suggested helore lot NoPPl4t)(2I the
spec it ita nia, reside in the nudear pore complex ito %0lIich

SiF r, . 1liectron niicrogrlp shossing, immunmlilt]l d Id, heiii ploteil Finidls rid to si hich I hc tr'ick is presumjiablv

HuledtUs Of '(1" :CCI11 Iiit a1 TIiOnoclonauj ainti-uin IflIý'od. t rclo
riucletvs the Iicinri label slioss preferentizi) l utimnuenliuti dofw~k l're. ou>' stuie hs ý,ksil thAT the eu~kaiisoti, nuJCleus

fu I' Shmiu T-ick Ofaýit i' libl near flue ni.!' cricior-' \1 I .jimntaiu'l :ill iue,MIu ICd Tlruulru\ Ali pfoltrinucoui- fihtirlent that
-~~~~~~~~~~- fi Ii S. M5 MI I lL i~tuliiunui uuur h
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Human immunodeficiency virus isolates express a Nef protein with either an alanine or a threonine at amino acid residue

15 The threonine residue is a site for phosphorylation by protein kinase C Jurkat T cells constitutively expressing the

alanine variant of Nef exhibit the ability to downregulate the induction of transcription factors NF-kB and AP-1 In contrast,

Jurkat cells with the threonine variant of Nef are at least partially restored in their ability to recruit NF-kB and AP-1. C 199

Academic Press, Inc

Human immunodeficiency virus (HIV) "negative factor" amino acid positions 15, 29, and 33 (Fig. 1A). Jurkat ce!!

(Nef) protein is the product of the nef gene, a regulatory clones were also made with the plasmid with the Net 1

gene shown to be dispensable for virus replication in sequence mutated at position 15 from thrennine to ala-
vitro (1) but essential for virus pathogenicity in vivo in an nine [Nef 1 clones 18 and 19], or with the plasmid with

animal model with simian immunodeficiency virus (2). the Net 2 sequence mutated at position 15 from alanine
The mechanism by which Net affects HIV infection/dis- to threonine [Net 2 clones 13 and 16]. All these clones
ease is still poorly understood. Nef has been shown to have been shown previously to show, in the absence of
downregulate surface expression of CD4 in T cells (3, stimulation, minimal LTR-driven activity as well as recruit-

4). It has also been shown to downregulate transcription ment of transcriptional factors NF-kB and AP-1 (defined
factors NF-kB and AP-1 in vitro (5, 6). as the increase in the nuclear traction of the active forms

Structural studies of Net have shown that this protein of these factors). These characteristics are not unique
is myristoylated at the N terminus (7), and acylation has to these cell clones and have also bet-n observe,' w..ii

been suggested to be important for its association with other Jurkat cell lines (E6-1) and HP-BALL cells (5, 13).

cell membranes (8, 9). In addition, a potential protein In addition, these cell lines respond appropriately to T-
kinase C (PKC) phosphorylation site at threonine 15 of cell stimulants including phorbol myristate (PMA), phyto-
HIV-1 Nef and serine 10 of HIV-2 Nef have been identified hemagglutinin (PHA), antibodies to CD3, antibodies to

(3, 10). These potential phosphorylation sites are homolo- CD2, as well as antibodies to the T-cell receptor, TNF

gous to those present in p60" and epidermal growth and IL-1, indicating that their signal transduction path-
factor receptor (11). Different Nef variants have an ala- ways are functional.
nine residue at position 15 (Net 1) or a threonine (Net 2) Figure 1B shows the Western blot analysis of all the
(12). Conversion of threonine 15 to an alanine residue cell lines, including the parental cell line 22F6. For this

results in the loss of Net phosphorylation (3). Though study, cells were kept in log phase growth and immuno-

other Net phosphorylation sites have been proposed, precipitation and immunoblot analysis was performed
there is no evidence that they are utilized (12). The cur- with a rabbit antiserum as previously described (5). Nef
rent study was undertaken to determine the importanue was detected by the rabbit antiserum in all clones except

of the threonine 15 phosphorylation site with regards to 22F6 and to a similar level.
the ability of Net to downregulate transcription factors.

Human Jurkat J25 T-cell clonal cell lines were selected Inor de t oe i h ichoNph rte ins can perpo s-

after transfection with plasmids containing the gene for paorylated, [(jorlhophosphate0 labeling was performted
either Nc, 1 (133, 22D8) or Net 2 (1 OH 10, 1 F8) under the as described (14). Briefly, 10 cells were grown n phos-

control of the simian virus 40 enhancer and human T- phate-free iedia for 4 hr and then [>P)HPO, (lCN Bic-
cell leukemia virus promoter as previously described rnedicals. Irvine, CA) was added at 0.2 mCil. Cells

(. The p Nef 1 and Net 2 proteins dwere Then stimulated with 50 ngiml PMA and 13 pg'ml
PHA for 4 hr, or with sterile water as a control. Immuno-
nrecipitation was carried out as above except that phos-

iro whornr crrsci<rier md ri nrlnt r, c'i; hiihoiild ne ad phatase inhibitors (50 mM NaF, 10 rmM Na, VO., and 50
O dressed mM [/i-glycerolphosphate) were added to the RIPA buffer

.4'-ý8.',94 $sc 00
I •/' ~ ~~(1,,,l .. .. V VI"~ tly4b A, id,-,-m P'',i r,
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A) . - Immunoprecipitates were then analyzed by SDS-PAGE
followed by autoradiography. The 'esults are shown in

.. .. Fig. 1. Jurkat cells expressing Net variants carrying a
threonine at position 15 (Net 2 clone 1OH10 and mutant

Net 1 clone 18) showed phosphorylation after stimulation
. with PMA and PHA while neither of the clones with an

alanine at position 15 (Net 1 clone 133, mutant Net 2
clone 13) showed a significant amount of phosphoryla-

. , .. .- - -. tion. No phosphorylation was detected in the absence

of PMA and PHA treatment.
46 To examine the effect of each Net variant on the re-

cruitment into the nucleus of active transcription factors,

'0 i 14m841 electrophoretic mobility shift assays (EMSA) were per-

2' formed with nuclear extracts prepared from the different

:0.0 22 22 2 2, Jurkat cell clones, after stimulation with PMA and PHA
0 Do ' 3 . '9 for 4 hr or after stimulation for the same period of time

with sterile saline, as previously described (15, 16). For
EciSA ---

were used which include the binding sites of transcrip-
tion factors SP-1, NF-kB, and AP-1 (5). Nuclear extractb

it were normalized for protein concentration with the Brad-

ford reagent (Bio-Rad) using bovine serum albumin as
a standard. EMSA was performed using the probe for

, noninducible transcriptional factor SP-1 to control for the
quality of the extracts (Fig. 2A). Recruitment of transcrip-
tion factors NF-kR and AP-1 in the absence of PMA and
PHA stimulation was negligible (data not shown). Figure

:. . 13 220 28 shows downregulation of NF-kB in Jurkat T cells ex-

FIG. 1. (A) Structure of Net expression plasmids. Numbers on top pressing Net 1 (22D8, 133) as compared with the parental
show Net protein amino acid residues, with number I indicating the cell line 22F6. On the contrary, cell clones expressing
initiator methionine. Differences in residues between Net 1 and Net 2 Net 2 (1 F8, 1OH 10) showed no difference in NF-kB induc-
for the specified positions are indicated for each clone. (B) Western tion from that of 22F6 cells. Results for AP-1 recruitment
blot analysis of Jurkat cell clone extracts immunoprecipitated with rab-

bit anti-Net antiserum (5). These include parental cell line (22F6), Net are shown in Fig. 2C and were similar to those for NF-

I expressing clones (133, 22D8), Net 2 expressing clones (1F8, IOH10), kB. AP-1 was downregulated in cells expressing Net 1
Net 1 mutants (18, 19), and Net 2 mutants (13, 16). Positions of molecu- but not in those expressing Net 2.
lar weight markers are indicated on the left. (C) Jurkat cell clone extracts Figure 3 shows mobility shift assays in which the com-
a'ýer [3,Pcrthophosphate la',elina and irnmunoprecipitation with rabb:T parison is made between parental cell line 22F6, Net 1
arti-Ne! antiserum Pusitons of molecular weight markers (kd) a producing cell clone 22D8, and clones 18 and 19 in which
,ndicated on the leftt

the Net 1 protein has been modified with a threonine
instead of an alanine at position 15. SP-1 activity from

FIG 2 Electrophoretic mobility shift assays performed from nuclear extracts with 
3'P-labeied oligonucleotide probes for binding sites of (Ai SP-

1. (8) NF kB. and (C) AP-I Cell crones 2216 (parental cell line), 133 and 22D8 (Net 1 express -g clon), 11F8 and 10HIO 0Nef 2 expressng clon-)
18 and 19 (mutant Net I clones), 13 and 16 (mutant Net 2 clones) C-P, compettion by cold probe Tri- relative intensitv of the bands chnmn-.<q
r.~i.. !$MA 2 �, ~ Wdý •evuJ,,Ju Dy laser utsitometry (bar graphs) The free prube at the bottom of the gels is no; stio'n [ prir•rents,

v',i-ren rrforrned in duplicate Wit .simorr resijlts
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A) NF .fi fIi

tt

I. Htf-
22F6 C-P NI Ni 22D8 22F6 CP NI1 Ni 22M

is 19 is 19

FIG. 3. ElectrophOretic mobility shift assays performed from nuclear extracts will) "'P-Iabeled oliqonucleotide probes for brnd~no s :es C' (A) Ni-

kB and (B) AP-t. Cell clones: 22F6 (parental cell ice), 22D8 (Neft Iexpressing clone). IS anid 19 (Nef 1 mutants) c-P. comprettlor- by cold probe

The relative intensity of the bands. showing only DNA -protein complexes, was evaluated by laser densfiomelry (bar glaprrl Ice f'ee ;)-oce at tn--
!hCo g,~c '," ýZ 17 ,-.- ,.i,,* erformed in duphcate with simlar results

these cell clones is shown in Fig. 2A. NF-kB (Fig. 3A) sides phosphorylation at posootc~ 15 a-e important for
* and AP-1 (Fig. 3B) induction was dlownregulated in the Nef-dependlent downregulation of transcriptional factors.

cells expressing Nef 1 when compared with that of the To determine if the effects of the changes of amino
22F6 cells. Strikingly, both cell clones 18 and 19 show acid 15 in Nef on transcription factor regulatIon corre-
no effect on NF-kB and AR-i recruitment when compared lated with transcriptional activity, experiments were per-
with that of the parental cell line 22F6. formed in which cells were transfected by the DEAE Dex-

Figure 4 shows the comparison between parental cell tran method (6) with plasmids, which use the long 'tern il-,line 22F76, Nef 2 producing cell clone 1F8, Nef 1 produc- nal repeat of HIV (HIV-1-CAT) or the IL-2 promoter (IL-2-
rig clone 133, and clones 13 and 16 in which the Net 2 CAT) to direct expression of the chloramphenicol acetyl
protein has been modified with an alanine instead of a transferase (CAT) gene. After stimulation of the cells with
threonine at position 15. SR-i activity for these cell clones PMA and PHA or sterile saline for 4 hr, cell exliacts were
is shown in Fig. 2A. NF-kB (Fig. 4A) and AR-1 (Fig. 48) prepared and CAT activity was assessed by standard
are both dlownregulated in the cells expressing Nef 1 methods 1,17). Sor,-.le3 fo_ the CAT a.a 1,~ NUC-,rmal-

(133), while no effect is seen in those expressing Nef 2 ized to equal protein concentration by Bradford reagent
(1 F8). Clones 13 and 16 showed an intermediate pheno- analysis (Bio-Rad) using bovine serum albumin as a stan-
type between that exhibited by Nef 1 aný Nef 2. The fact dard. CAT assays from different cell lines wNere also nor-
that both clones 13 and 16 showed this intermediate malized to a nomrirducible control plasmid RSV-CAT (18)
phenotype suggests that other determinants in Nef be- which was transfected in narallel wvith the HIV-t-CAT

Al NF kHl B) AP- I

22F6 C-P 133 N2 N2 iFO N2 N2 IFS 133 C-P 22FG
13 16 13 16

Fic, 4 1 r~-rrrt rrblty -,hill V -_ay1 I),, "i. '''lIVr " Ia;~ .1 ho d ol icr -'' .1 - I i-c firf t,*. A

~.n ~ I~'''~I¶ ,.iii- n 'n., i 1,d!¶ ln (01 1i 1 ' ý 2( )tJf 1 ¶.xnrw;,,,mq c ,r). 1 ( N NI ;i pi- . r 1I- 1. -

(.oniipetitior, t. (,O proilPu - Pieý rO~i-S ivj orTri,, p - ,tl lrlrtcs. shrowing onty jiNA/ princ-ife nl e it.. '-.) ic ib

g4raphi) Tho ho-f prirehi at lhO hotlr~rm of Tý-(1,, ,i. -' h oriw F xr.rirnoril,; Aor- prln¶rnciren Iit, l , . .... ' I it l -ýiT
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I uLIjl!L~
Foc 5 Chloramphenicoi acetyltransferase (CAT) assays for HIV and IL-2 transcription. Extracts were prepared from Jur. t(-,el! cuies trarnsler,;-.

with HiV-1-CAT (A-C) or IL-2-CAT (D-F). The dara are presented as the mean ratio of the ltvel of CAT aStv',,V, present , 5 se',e scr' ¾.l, :.1.,•:
PMA and PHA for 4 nr compared to the level present in unstimulated cells. The mean valies for percentage of acetylaTor r' sri•)a!rd c'lf .
10.2 (22F6). 1.4 (133), 8.7 (N1 19), 9 (Ni 18), 8 6 (1F8), 8 (1OH10). 5.3 (N2 13). 5.9 (N2 16) for HIV-t-CAI and 223 (22F6). 2 r3 (133). 22 2iN 1O9 23 7
(Ni 18). 17.5 (1F8), 18.4 (10110), 3.5 (22D8), 6 3 (N2 13), 7.2 (N2 16) for IL-2-CAT. ExDeriments were performed in triplhcae ald error iars r..nr rr,

standard deviation of the mean. Cell clones; 22F6 (parental cell line), 133, 2208 (Nef 1 expressing clones). 1F8. 10H10 IN'f 2 exoressinr ciorr-si

13 and 16 (Nef 2 mutants), 18 and 19 (Nef 1 mutants)

and the IL-2-CAT. Figure 5 shows the results of these Nei, thus is not likely to affect Nef membrane bbnding. It
experiments. The CAT activity measurements closely also has no effect on downregulation of CD4 expression
paralleled the EMSA findings. Unstimulated cells showed in T cells (3). The results of our study show that. as in
almost no CAT activity (data not shown). Figure 5A shows the case of p6O"'c, phosphorylation of Nef results in loss
decreased CAT activity in cell clones transfected with of one of the functions of this protein. Also, the results
HIV-1-CAT in the presence of Nef 1 (22D8, 133) when show that, even though other potential ohosphr,",!atrcn
compared with the oarental cell line 22F6. On the utitet sites have been identified in Nef (12), the predominant
hand, clnnps expressing Nef 2 (1F8, 10H10) showed no site of Net phosphorylation upon st:mnulation of T cel!z
difference in HIV-1-CAT activity as compared with paren- is the threonine at position 15. We have shown else-
tal cell line 22F6. Figure 5B compares CAT activity in where (19) that downregulation of transcription factor NF- 4
clones transfected with HIV-1-CATexpressing Nef 1 (133) kB by Nef occurs through a PKC-dependent mechanism.
and the parental cell line (22F6) as well as clones 18 The combination of these data presents a model for a
and 19 in which Nef 1 protein has been modified to unique system by which a protein acts through a pathway
include a threonine at position 15 instead of an alanine. that uses a protein kinase as an intermediate for its
CAT activity was decreased in cells expressing Nef I function, and the same protein kinase regulates the pres-
when compared with the parental cell line. Once again, ence of the active form of the protein. Furthermore, it has
clones 18 and 19 showed no difference in CAT activity also recently been shown that Net associates with the
when cornPared with the parental cell line. Figure 5C cvtoskeleton (20) and may also localize in specific "chan-
slivs tlr; comparison between clones transfe.e, will, I ,-:r in i , nucl.us (21). Whether the localization of Net
HIV-1-CAT expressing Net 1 (133), Nef 2 (iF8) and the and its availability for phosphorylaton by PKC are related
parental cell line 22F6, as well as clones 13 and 16 in is so far unknown. However, it is intriguing that the PKC
which Net 2 protein was modified to include an alanine phosphorylation site lies within the potential bipartite
at position 15 instead of a threon:ne. CAT activity was nuclear localization signal and, therefore, may alter its
not significantly different between Jurkat cell clones ex- activity.
pressing Nef 2 and the parental cell line, while it was The results of this study provwe ncw insights into
clearly decreased in those expressing Net 1. Clones 13 structural aspects of Net, and their importance with re-
and lb expies-, d an intermediate phenotype. Figures spect to one of the functions of Nrt ,n vwtro.
5D, 5E, and 5F show the results of - experiments
except that the cells were transfected with IL-2-CA1. IL- ACKNOWLEDGMENTS
2-CAT induction was decreased in clones expressing t nhanr ;,, i ,ý;si!.d arndC Pr I .':y dl . ,' .

Net 1, when compared with the parental cell line, while Syntlhesis ard .Viilirm Sh H I itngS to[ lie '',, i. , , - ,

those expressing Nf 2 ,', v .,'r ric. onificant .. cr on .. , ,,., r, I ,'' .,'

CAT ,ct;r%,.Y 6r+ , • • , ,- . .

ate phenotypu with regards to IL-Z uxpression;.
HIV-1 Nef protein has been shown to be phosphory- REFERENCES

lated by PKC at threonine 15 (3). The mutation from threo- . , .. ,. M , ,. .
nine to alanine results in loss cf this phosphorylation site. M L, , u -. 1p, i- i, A.... ,
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Particle assembly and Vpr expression in human immunodeficiency virus

type 1-infected cells demonstrated by immunoelectron aniicroscopy

Jaang J. Wang,' 2 Yuh-ling Lu3 and Lee Ratner'

'Department of Biology and Anatomy. National Defense Medical Center, Taipei, 'Institute of Biomedical Sciences,
Academia Sinica, Taipei, Taiwan, Republic of China and 3 Departments of Medicine and Molecular Microbiology,
Washington University, St Louis, Missouri 63110, U.S.A.

The 96 amino acid viral protein R (Vpr) of human expression. A mutant with an alteration of amino acids
imnunodeficiency virus type 1 (HIV-1) was detected 79 to 85 exhibited a 23 % reduction in total levels of Vpr
during virus assembly in intracellular vacuoles and at the expression, but a marked accumulation of Vpr in
plasma membrane on peripheral blood mononuclear intracellular rather than extracellular virions. A mutant
cells. In both immature and mature virus particles, Vpr with the last 17 amino acids of Vpr deleted expressed
was located immediately beneath the viral envelope, co- only 10 % of wild-type levels of Vpr. These observations
localizing with the core structural protein, Gag p24. Vpr indicate that Vpr is incorporated into virions from the
was present in intracellular HIV-1 wild-type virions at cytoplasmic aspect of either the vacuolar or plasma
50% of the level found in extracellular HIV-1 particles, membrane. Furthermore, the proportion of Vpr on
Cells infected with HIV-1 strains with C-terminal intracellular compared to extracellular virions is affected
truncations of Vpr manifested a different pattern of Vpr by a specific locus within the protein.

Introduction mechanism that remains to be defined (Cohen et al.,
1990a). The packaging of Vpr into the virions suggests

Human immunodeficiency virus (HIV) is released from that this protein plays an important role in virus assembly
the host cell surface by budding from the plasma or infectivity (Cohen et al., 1990a; Yuan et al., 1990).
membrane (Gelderblom, 1991). The budding process The subcellular localization of Vpr in infected cells has
releases immature virus particles containing a non- been determined by subcellular fractionation and indirect
condensed core of Gag precursor proteins, together with immunofluorescence microscopy (Lu et al., 1993). These
the RNA genome and viral enzymes necessary for data suggest that Vpr expression in the absence of other
initiation of replication, all enclosed within a lipid bilayer viral proteins results in a predominant localization in the
containing the envelope proteins. Maturation of the nucleus. However, coexpression of Gag Pr559a" results in
virus particle, associated with viral protease activity, the release of a portion of the expressed Vpr protein in
results in condensation of the particle core. extracellular virions. In the present study, we defined

Viral protein R (Vpr) is incorporated into the virion. more carefully the localization of Vpr during virus
This involves an association of Vpr with the C terminus assembly at both intracellular and extracellular sites
of the Gag precursor protein, Pr55G1Q (Cohen et al., using wild-type and mutants forms of Vpr with a double
1990b; Yuan et al., 1990; Lu et al., 1993; Paxton et al., immunogold electron microscopic labelling technique.
1993). Vpr is one of seven regulatory proteins expressed
by all HIV types and simian immunodeficiency virus Methods
(Rosen, 1991). It encodes a 96 amino acid protein that is Cell lines and culture. COS-7 cells were obtained from the ATCC anddispensable for virus replication in T lymphoid cell lines maintained in Dulbecco's modified Eagle's medium supplemented with
(Dedera et al., 1989). However, Vpr accelerates HIV-I heat-inactivated fetal calf serum, I mM-pyruvate. 100 units/ml peni-

renlication about threefold in a variety of T lymphoid ci'itn and 100 pg/mI streptontycin. Peripheral blood mononuclear cells
cell lines, and to a significantly Z-'!ter degree in primary (PBMCs) were purified from normal human leukocytes by centrifuga-
macrophages tOgawa et al., 1989; Hattori et al., 1990; tion onto Ficoll. After 3 days of stimulation with phytohaemagglutinin

(15 pg/ml; Sigma), PBMCs were maintained in RPMI 1640 mediumWestervelt et al., 1992). Vpr has also been shown to supplemented with 10% heat-inactivated fetal calf serum. 4mM-
increase gene expression non-specifically by threefold glutamine, recombinant interleukin 2 (50 unitsiml, Cetus), 100
from a wide range of transcriptional promoters, by a units/ml penicillin and 100 pg/ml streptomycin.

0001-2232 r 1994 SGM



w.t. CRST SRIG

ants. HIV-l mutant SRIU was made from a proviral clone. .-
A(GG), which expresses a 9t6 amino acid form ofVp

rvet er al., 1992). In this mutant four amnino a,..ý, of Vpr -

duies 79 to 82, numbered according to Myers et al., 1992), Ser-&rg-
Gly, were deletcd and the Arg at position 85 was changed to Gin. ~*8

e mutant was made by inserting the sequence 5' TCGACATGTTA-
CTCAACAGAGGAGAGCAAGAAACGGAGCCAGTAGATCT- -" "
TAG Yinto the Sail site at nucleotide 5785 by linker ligation. .
The mutant CRST, in which residues 80 to 96 of Vpr were deleted, was
constructed by digestion of NLHXADA(GG) with Sail and blunt-
ending with the Kienow fragment of Escherichia coi DNA polymerase
I. 'rhe i'tlmlaiaands ci
mutants, SRIG and CRST, are shown below (the substituted amino
acids are snown undeiiued,. "m -o -;:

-~ ~ t'~fcetej 'esidues
W;T HF7, IGCRHSR IGVTR QRPAR NGASR

SRIG HFRIGCRH ( QRRAR NGASRS OAV .r- -icl,h , ln.
, ST •.RI-CRS Aitos oi Lit . . . .e

Vi in etA ion. HIV-I stocks were gen a L-o4a.ection of 60% O
confluent cos-7 cells in 10 cm-diameter plates with 1-
recombinant proviral clones NLILXADA(GG), SRIG or CRST
together with 2 jig of pCVI, a tat expression vector (Arya et al., 1985).
The calcium phosphate precipitation method was used for transfecuon,
and 5 hours later the cells were treated witb 10% DMSO for 2 min Fig. I. Expression of wild-type (w.t.) and mutant forms of Vpr protein.

before being washed twice with PBS. Cell culture supernatants were Each vpr gene was cloned into plasmid pTM3 between Ncol and Sacl
harvested after 48 h and filtered (0"2 tim Millipore filter). Culture sites downstream of the T7 promoter. The plasmids were transfected

supernatant (5 ml) was used to infect I x 10 PBMCs. The cells were into BSC-40 cells infected with vTF7-3, a recombinant vaccinla virus

collected as pellets 7 days post-infection. After washing with serum-free expressing T7 polymerase. After 4 h, the cells were labelled with
culture medium, the cells were fixed in freshly prepared 2-5% [fHileucine overnight, and cell lysates were immunoprecipitated with

glutaraldehyde in PBS for 30 min at room temperature. After fixation, the anti-Vpr antiserum. The differences in M, are consistent with
the cells were washed in PBS overnight, dehydrated in giaded deletion of four amino acids in SRIG and deletion of 17 amino acids
concentrations of ethanol and then embedded in LR white acrylic resin in CRST.
(Stransky & Gay, 1991).

Post-embedding immunoelectron microscopy. Sections of resin con-
taining the cells, with a thickness of 100 am, were collected on 270- mutated (CRST and SRIG) vpr genes were cloned into a
mesh nickel or gold grids for immunocytochemical analysis recombinant vaccinia virus expression system. After
(Gelderblom et al., 1987; Gelderblom, 1991). The sections were etched
with freshly prepared 5 % HO for 5 to 10 min in a vacuum chamber. xpression in BSC-40 cells, the specific Vpr proteins were
Non-specific binding was blocked with 1% BSA. Vpr rabbit antiserum immunoprecipitated with a rabbit anti-Vpr antiserum
was prepared as previously described (Lu et at,, 1993). The mouse and analysed by PAGE (Fig. 1). The electrophoretic
monoclonal antibody C246, which reacts to Gag p24, was kindly mobility of wild-type Vpr was consistent with a protein
provided by T.-W. Chang. The sheep antibody to Env gpl20 was of 1 14K, slightly larger than that predicted for a 96
obtained from BioCell. For dual labelling, the anti-Vpr antiserum was
added first and incubated at 20 'C for I h, followed by a wash with amino acid protein, but consistent with other studies of

PBS, and then the mouse anti-Gag p24 or sheep anti-Env gpl20 was Vpr (Lu et al., 1993; Paxton et al., 1993). Mutant Vpr
applied. The cells were then washed in Tris-buffered saline (TBS) and protein from SRIG has a deletion of four amino acids
15 rnm gold particle-conjugated goat anti-rabbit lgG (Auroprobe EM; and an electrophoretic mobility that was consistent with
Amsterdam) and either 5 nm gold particle-conjugated goat anti-mouse a decrease of 1K in Mr, compared to the wild-type.
IgG (Amersham) or 10 nm gold particle-conjugated donkey anti-sheep M
IgG (BioCell) were added. Sections were stained with uranyl acetate utant Vpr protein from CR$T has a deletion of 17

and lead citrate and examined under a Zeiss electron microscope. amino acids, and an electrophoretic mobility consistent

with a decrease of 3K. All three vpr gene products

reacted with the rabbit polyclonal anti-Vpr antiserum.

Results
Expression of wild-type and mutart Vpr proteins Vpr expression in intracellular and extracellular virions

HIV-1 strains capable of encoding a full-length Vpr HIV-1 infection of primary PBMCs was examined by
protein, or mutated forms of Vpr with deletions were immunogold electron microscopy. Virus particles were
used in this study. To confirm that the mutations gave found budding at the plasma membrane (Fig. 2a) and

rise to proteins of the predicted M, and with similar within intracellular vacuoles (Fig. 2a, b). Budding virus
stability and antibody reactivity, the wild-type and particles at intracellular membranes were also



Expression of- Vpr in III V-1 37

Fig. 2. Immunogold localization of Vpr in virus particles. (a) Vpr-specific gold particles were seen in the wild-type HIV-l vinons in
the extracellular region (arrow 1) and in a cytoplasmic vacuole (arrow 2). Labelling was also found at a portion ot the vacuoiar
membrane that showed higher density, consistent with that of a budding virus particle (arrow 3). The bar represents ';00 nm, (h') Vpr-
specific gzold labelled particles (15 nm diameter; arrowhead) were found in a large vacuole of an infected PBMC. N, nucleus. The bar
represents 500 nm. fc) An enlarged area of the vacuole (hoxed) in (h) is shown (rotated 9)0') with Vpr-specific voild particles S 15 111
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Vpr was situated primarily just beneath the viral env'elope
(Fig. 3b, e). Witn sections near the edge of a virion (Fig.

(100 rin thick) 3a,f), immurlgold labelling of protein just beneath the 0
viral envelope would be predicted to cause clusters of
gold particles. Several examples of such gold particle
distributions are evident in Fig. 2(c).

Electron microscope view

ee • Vpr expression during virus budding

Vpr gold labelling was also identified on virus particles
budding from the plasma membrane (Fig. 4). Inumuno-
labelled Vpr could be identified on the condensed

(a) (b) (c) (d) (e) (f) membrane areas of budding (Fig. 4a, b) and beneath the
Fig. 3. Schematic representation of possible locations of Vpr-specific virus envelope of immature virus particles (Fig. 4b tof).
gold particles in HIV-1 virions embedded in thin resin sections. HIV- In some cases, a ring-shaped distribution of gold-labelled
I virions associated with infected cells were embedded in resin and cut Vpr was evident (Fig. 4d,). In dual labelling experi-
into sections of 100 num in thickness for post-embedding immuno-
staining and electron microscopic observations. Virions located at ments, gold particles (15 nm) specific for Vpr were found
the upper (a) or lower portion of the section (f) would have been cut beneath the virus envelope, whereas Gag p24-specific
tangentially and the exposed Vpr antigen could be labelled with the gold particles (5 rim) were generally seen in the core of
antibody if Vpr was situated near or beneath the viral envelope. These the virion (Fig. 4d to f).
virions would be predicted to applt.a, smaller under the electron
microscope and the gold particles would form a cluster. Virions cut
through the centre would be predicted to appear larger and gold Wild-type and mutant Vpr expression in virions
particles would form a ring-shaped pattern with (b) or without a core
(d and e). The diameter of these virions would appear to be similar to Virions containing the 96 amino acid wild-type Vpr
that of typical virions. Virions embedded within the resin would not be protein as well as deletion mutants with alterations
accessible to H.O etching and their associated antigens would not be between amino acids 79 and 85 (SRIG) or a truncation
exposed. A typical virion diameter is approximately 100 nrn. mutant missing the C-terminal 17 amino acids (CRST)

were also examined. SRIG virions (Fig. 5b) contained
Vpr-specific gold particles in a similar distribution to

immunogold-labelled with the anti-Vpr antiserum (Fig. that of wild-type virions (Fig. 5a). However, CRST
2a). Particles at both sites were Vpr-positive, as indicated virions contained very few Vpr-specific gold particles
by indirect immunolabelling with gold particles. No (Fig. 5c).
significant background labelling was seen in the absence Quantification of Vpr-specific gold particles was
of HIV-1, or when the Vpr antiserum was omitted or performed on several hundred electron micrographs and
substituted with a Vpx antiserum (data not shown). the number of intracellular and extracellular particles per

The diameter of the virions was about 100 nm. With virion determined (Table I, Fig. 6). Wild-type virions
100 nm-thick sections, the virus particles may be cut at were labelled with an average of 1-5 Vpr-specific gold
different levels, as shown schematically in Fig. 3. Sections particles per virion, whereas SRIG virions had an average
through the mid-portion of the virion would be predicted of I1-1 particles per virion and CRST virions contained
to show immunogold labelling in a ring-like pattern if only 0.1 particles per virion. Since both Vpr mutants are

Table 1. Distribution of Vpr-specific gold particles on HIV-I in PBMCS 7
days after infection

Particles Particles
Average Percentage per virion per virion

Sample Number of Number of particles of (extra- (intra-
(number)* particles virions per vinon wild-type cellular) cellular)

Wild-type (83) 6683 4467 1.5 100 1-6 0.8
SRIG (33) 1482 1292 1.1 77 0-4 0 9
CRST (12) 65 639 01 7 Nt" ND
Control (5) 12 550 0 I ND ND

* Number of micrographs examined.
t ND. Not detected.
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(a) (b)

(c) *(d)

Fig. 4. Vpr localization on budding virus particles. (a) Condensed plasma membrane strutctures are immunolabelled with Vpr-specific
gold particles (arrowheads). The bar represents 200 nm. (b) Virus budding from a condensed area of the cell membrane was labelled
with Vpr-specific gold particles (arrowheads). A single extracelluiar immature vinion labelled weakly with these particles (15 nm). but
better labelling with Gag p24-specific gold particles (5 nti) was observed. The bar represents 100 nm. (c) Other immature virions
immunolabelled with Vpr-speeific gold particles (arrowhead). The bar represents 100 nm. (d) Additional immature virions labelled with
Vpr-specific gold particles (15 nm, arrow 1) under the virus envelope as well as Gag p24-spccific gold particles (5 nm. arrow 2). (e) An
immature vinion near the cell surface was identified that labelled with Vpr-specific gold particles under the viral envelope (I5 nm.
arrowhead), whereas Gag p24-specific gold particles (5 nm) were seen in the central area of the virion. The bar represents 200 nm. (f)
A ring-shaped distribution of Vpr-specific gold particles (15 tim) was evident on an extracellular virus particle, with Gag p24-specific
gold particles (5 nm) localized in the central core of the virion.
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Fig. 6. Wild-type and mutant Vpr expression in virions as a percentage
of the total expression in the wild-type in HIV-l-infected PBMCs
infected for 7 days. Extracellular (0) and intracellular (C]) Vpr
expression are shown, together with the average number of Vpr-specafic
gold particles (on both extracellular and intracellular virions) as a
percentage of the wild-type (3).

recognized by the Vpr-antiserum (Fig. 1" J. J. Wang et
al., unpublished results), the lower number of Vpr-
specific gold particles on CRST virions must be due to
lower expression of the mutant protein in the virion,
rather than a loss of immunogenicity.

With the wild-type, intracellular virions contained
about half the number of Vpr-specific gold particles per
virion compared to extracellular virions (Table 1, Fig. 6).

- "In contrast, SRIG intracellular virions were immuno-
labelled to a greater extent with the Vpr antiserum than
SRIG extracellular virions. The primary difference in
SRLG virions compared to wild-type virions is a result of
the much lower level of Vpr-specific gold particles in
extracellular virions (04 for SRIG compared to 1.6 for

ild-type), whereas no significant differences were seen
in the number of these particles in intracellular virions
(09 for SRIG and 08 for wild-type).

"Discussion
Fig. 5. Immunolabelling of wild-type and mutant forms of Vpr on HIV- The current findings demonstrate that HIV-l viriorns
I virions. (a) Vpr-specific gold particles labelled extracellular wild-type assemble in infected PBMCs by budding into cytoplasmic
virions (15 nm, arrow I). Gag p24-specific gold particles (5 nm. arrow vacuoles and by budding from the plasma membrane.
2) were also observed in virions. An average of 15 Vpr-specific gold Other investigators have also noted HIV-I virions
particles per virion was found. The bar represents 200 nm. (b) Vpr
mutant SRIC, virions also labelled with Vpr-specific gold particles budding into cytoplasmic vacuoles of infected primary
(15 nm. arrow I). Gag p24-specific gold particles (5 nm, arrow 2) and monocytes (Orenstein et a., 1988), the U937 monocytoid
Env gpl20-specific gold particles (10 nm, arrow 3) were also identified, cell line (Pautrat et al., 1990) and the JM T lymphoid cell
An average of 1.1 Vpr-specific gold particles per virion was measured. lne (Grief et al., 1991). Orenstein et al. (1988) and Grief
The bar represents 200 nm. (c) Vpr mutant CRST vinons showed very
little Vpr-specific labelling (arrow 1), whereas Gag p24-specific gold es
particles were still observed (5 nm, arrow 2). An average of 0-1 Vpr- Golgi saccules. Our observations of HIV-l-infected
specific gold particles per virion was counted. The bar represents PBMCs failed to identify virions associated with typical
200 nm. Golgi apparatus. V-lowever, it is possib!e that the
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cytoplasmic vacuoles associated with HIV-1 virions in virions primarily beneath the viral envelope. Farther-

PBMCs are derived from the enduplasmic reticulum or more, Vpr is incorporated into HIV-I virions on cellular
Golgi saccules. Dual-labelling immunogold electron vacuolar membranes as well as at the plasma membrane.
microscopy experiments should be useful in further An alteration of the highly conserved sequence at

characterizing the cellular compartment inv )lved. residues 79 to 85 results in redistribution of Vpr virion
The Vpr protein was detected by immunogold electron incorporation to favour intracellular rather than extra-

microscopy at sites of virus budding, intracellularly as cellular budding virions. Additional studies of the
well as at the plasma membrane, in both immature and interaction of Vpr with the viral core structure will be
mature virions. Our triple immunolabelling studies necessary to decipher its contribution to HIV-1 rep-
demonstrated the localization of Vpr, Gag p24 and Env lication.
gpl20 proteins in virions. Lower levels of Gag immuno-
labelling than Vpr are a consequence of the use of a We thank Ms Nancy Vander Heyden for technical assistance. This
monoclonal antibody for Gag p24, whose epitope is work was supported by grants NSC-81-0412-B-016-505 and NSC-83-

0412-B-016-013 from the National Science Council of the Republic of
more easily lost during fixation than the multiple epitopes China, ACS grant FRA 373, contract DAMD-90C-0125 and an

recognized by the anti-Vpr antiserum. The low intensity American Foundation for A- S Research Travel AA ird 200078-12-

of gp 120 labelling in this study is consistent with previous SG.

studies and reflects a lower level of gp120 than p24
incorporation into virions (Hausmann et al., 1987; Hart References
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ABSTRACT

Reverse transcriptase-polymerase chain amplification reactions (RT-PCR) were used to identifv transcripts for
HIV-I structural and regulatory proteins in peripheral blood mononuclear cells of a cohort of 48 patients. At
least one set of PCR primers was capable of detecting HIV-1 transcripts in 94% of patients. Unspliced gag-pol
transcripts were detected with gag or poi primer sets in 60 and 63% of samples, respectively. A significant
inverse correlation was noted between transcript identification with the gag primer set and the number of
CD4-positive lymphocytes in the blood sample and the clinical stage of infection. Single-spliced env' transcripts
were identified in 44% of individuals. Multiple-spliced tat or nef transcripts were detected in 6.2 and 53% of
individuals, respectively. These findings indicate that viral transcripts are expressed throughout the course of. HIV-I infection.

INTRODUCTION structural genes (gag. pot. and eno) and regulatory genes (tat.
rev, vif, vpr. tpu. and nel) (Fig. I A).' Structural genes encode

T HE NATURAL. HISTORY ol DIV- I infection is characterized by proteins found in the virus particle that are important for the
an acute phase of illness within the first few months afte'r assembly and enzymatic functions of' the '.irus. ReeulaiorN

infection. a chronic and clinically indolent phase of' disease genes encode proteins that are eenerallv not found in thie sirus
fatn ew, months to more thn10 yasanaltetgeo'particle (with the exception of vpirt and that are thouiehit o be

illness characteriz.ed as AID)S with opportunistic infections and important for virus replication in) the host cell.' Two retulatlorN
nmalignancies.' Progression from the chronic asymptomnatic gene products modulate virus transcription, arid Were therefore
phase of disease to AIDS is characterized by a continual decline chosen as a major focus of the current study . These include I at,
in the number of (.14 'lymphocytes, an increase in the level of' which is a po~tent positive effector of v irus, gene expression" and
vircmia,' ' an increase in the niumber of 11IV-I l)NA-positive Net. which appears to be a weak negative modulator ot % rus
Iviriphocytes.' arid an increase in the number of infected cells RNA synthesis- '"The Rev protein alsoexertsN a regulatorN ellcci
that express %iral gene products' The increase in virus yen oniN eprso.'btsasoticuddnour anals ,i
expression assocaiatd "sith disease progression is I ikelN critical l~ixprssion of the lll\:- I -enorric is. mrediated by three cIliscs
ro thie pathoCenesis of IlyV- I .' Inrcrased %iru' expression na~ (it s iral mnRNAs,: urisp,1Lced (9), kb.sifleI-splicd (-[5 Kbi. irld
result front chanices in host immune reul-'lation aind VIrus- nuiltiple-spliced (1 .8 -2.2 kb) trainscriptsli 113- D)."' S110c-
mediated rcgulatory influences.The goal of the current sftud\ rural genes, are encoded b% the first iv~o classes of trarnscripis.

was to e sa1in iC thle int1l unce o1 viralI reg a latory genes ini a withI the tins p1iced triR NA produtc in g ( a;e anrd Pl~'' prote ins arid
croiss-sectional cohort of patients at difiliciri stiages of disease sirigle-spli ced rnRNA producing [irs pri'rein (ats well as, % it.

Thbe III V- I genonie inc I tdes wcis-rappinrg reading Irarites for \'pr . arid V pu products). '' Reg ti ator\ genes, (%ks ibh tIre ccept i ot

l)CIMrTIiCrits III t'CIJIT K.'iis tisreisrs m~iic., and Mo~Ickuilar Nticro'hioloirý'x \A W si~irtri~io k Ir~crsiis S,h(ood 'i f ctci St I ,tn,,
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of O~f ' yr. and vcpu) are expressed from multiple-spliced not uiilspl iced transcripts (F it-, I Cand !) The singls' spliced iliv

rnRNAs. The single-spliced vpu-ciiv rnRNA utilizes splice niRNA is distinguished from multiply spliced regulatory gene
donor and splice acceptors sites ati nucleot ides 28 7 and 5557 (Viv. niRNAs by usimne a tI nstrcamn primer lSenv) complementary
IC)' (nucleotide flositions according to Ref. 141. The multiple- to a sequence present tin the etiv miRNA, bull removed by splicing
spliced inRNAs allI utilize splice donors at nucleotides 287 and from regulatory gene mRNAs (Fig. 1C0. D~ifferent regulatory
5625, an,: a sp!ice aýCceptor at nucleotide 7956 (Fig. ID)). gene transcripts, are distinguished from one another by the use of
Utilization of a particular splice acceptor site in the central primers coimplenientary to the sequence spanning the splice
portion of the genome distinguishes ttefmnRNAs (splice acceptor acceptor site unique for the particular transcript (S48 at nucde-
at nucleotide 3557) from tat ruRNAs (splice acceptor at nudle- otide 5357 for tat mnRNA and S713 at nucleotide 5557 for ntf
otide 5357). and from other regulatory gene transcripts. Addi- niRNAM.
tional exons in the central portion of thoe genomie are utilized in In the current study, we have used nested sets of primers to
regulatory gene transcripts. "perfourm I5CR on RNA extracted from patient peripheral blood

The current study has utilized these features of' splicing ito mononuclear cells (PBMCs) at various stages of disease, as
develop reverse transc ri ptase -poly nmerse chain IRT-PCR) as- characterized by the number of CD4' lymphocytes. We have
says capable of- distinguishing transcripts f-or individual HIV-lI identified tNirctural as well as regulatory poly(Al'* RNA tran-
structural or reculatory genes. primers complenmentary to se- scripts tin patients with a wide range of' CD4 cell counts. We
quences in different exons were twh;i/c.d to amplify spliced bui deiionstrated achive transcription of inRNA from several re-

gions of the HIV- I genoine in patients who have no symptomatic
disease as well as in those who have AIDS.

___________________I MATERIALS AND MIETHOD)S
A. Gen5o05? 0 2 4 6 8 kb

9E___ Patients

Proteinss Blood was drawn from 48 HIV-l-seropositivc patients pre-

Regulatory senting to the Washington University AIDS Clinical Trials Unit

Transcps5Cs Protein. (ACTU) between October 1991 and May 1992. Most patients

B. Uns~picsed -were being screened for entry onto ACTU protocols and 37
-~ - patients had not previously received an antiretroviral drug

~. (Table 1). All patients gave informed consent.

Spiked - 6a ,

Single- -*-

FIG. 1. HIV-l RNA RT-PCR analvsis. (A) The schematic
drawing of' the HIV- I genome is shown with the nucleotide

432 bp es,ssgenorriic positions relative to the RNA initiation site indicated above.

Min - t envsplced Genes encoding structural proteins and regulatory proteins are
soo~~s ~ ~ 25b9 enespice0 indicated separately. (13) The unspliced transcript that encodes

Gag and Pol proteins is indicated as well as the positions of the

D. ~ .--.. A-nested primer sets in each gene. Arrows indicate positions of the
Splicd -.. r, s~7 primers, and the desigtnation for each primter is shown in the box

3.6 bp .

too bp. , abosse or below' the arrow Nucleotide positions of the primers
0 are indicated outsidc the boxes. The predicted sizes of the

E. ____________products of the nested I0CR reactions are underlined and indi-
M~g'? Annseainsg Nsssssber cated below the boxes. fin the case ofesnv-genomic products. the
Conc Ternp of cycles actual product size was 22 bp larger than the genome locations

ist Rossd 7siM 47*e 24 would indicate because of theC addition of I I bp on each primter.
___- 2nd Rsound 305M 53*C 29 including an (<saRI restriction enzymne site. (C) The sinule-

IlRound 7mM 41ie 24 spliced transcript encoding, Fnv and Vpu products, is indicated
2 -C ?r~dRoun'd 3MM 41iC 34J'

__________ with the dotted line inrd icat ing the sit ron that is removed by
ilRosmd 4mM W9C 29 splic ing. The nested enii-vcnoniic printers are indicated, as well

____ 2,, Round 3mm 501C 30 -- 5

as the ent -spliced primcrs. I D)1 The miultiple-spliced transcripts
2.2 5mlA 53*C 29 arc represented hy at schematic showing one of the tat miRNAs

w Rond 3m 52C 35In cach case, the first round of I5CR was performed %-,ith primers
11 2o0 Rounod 3nmM 52*C 35 S I and S I I shown in the 5'-and 3-miost exisns. [he second

Ist Round 3mM 52*C 35 round of* ICR was performed with priitier,, S4B3 (for tat tuRNAstl
mi 2o0 Rousnd 35mM 52'C 35 or S7B (for n/ ;tiR NAO,1 bosth of wk hich span the first splice site.

le Riiun 311M 561C 35 and %k it I prime1r I A4 1 . totsind in the 3'-nins st e soi The pred ic tcd
MŽ_35C 2n-I Rtssod 35mM W6C 35 nested 15CR product si/cs for [tar and( net transcripts aire under-

2-2.M 45*C 29 lined and indicated to the rieht. t(F) Reaction conditisons for IV4'I

-~ arc listed.
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TAi - lMIJNO.O(IIAI. NEASLRENFENTS ANt) POLYI.MI-RASLS CHAtIN RtF.\(HIIN Ri-Lvst-, ()iN p, IIINI ('OfIt kRI

IflmhIJI~iiCYl I'(PR tc.milti

patienDt ('1C (D4 CI)4 C1)8 ('1)D8 en\ Cv

No class (No.) (c/) (No.) (7, ) '417'8 A VT" gag pol (,snumo (sp/cd) tat net ncl-tcq

I C3 0 0 223 62 0.0 Yes + + +
2 C3 0 () 529 55 0.0 Yes + + 4 1 -

3 C3 6 7 37 41 0.16 Yes 4 + -4

4 B 3 8 I 424 51 0.02 Yes -4 + 4-

5 C3 8 1 178 22 0.04 Yes + + + 4

6 C3 Io 5 119 57 0.08 + +
7 C3 23 2 897 79 0.03 f- 4

8 B3 24 2 722 59 0.03 Yes + - -

9 B13 32 5 486 76 0.07 Yes + + -_
10 B3 62 4 1287 83 0.05 4 - + + -

II B33 86 8 713 66 0.12 + -

12 B13 1'5 5 990 47 0(.11 Yes - - -

13 A3 137 6 1938 85 0.07 - -
14 A3 177 12 854 58 0.21 Yes - 4

15 183 185 19 614 63 0.30 - ., 4 4

16 133 191 11 1180 68 0.16 + + -
17 B3 195 21 492 53 0.40 + + -4

18 A2 255 16 X94 56 0.29 +- ± -

19 B2 259 16 875 54 0.30 + 4- + - +

20 A2 281 15 1161 62 0.24 4 ± + + +
21 A2 297 25 654 55 0.45 - + + - - -

22 B 1 306 29 444 42 0.69 - - + 4 - - -

23 B2 333 17 1420 58 0.29 - + - ± - -

24 B2 336 28 576 43 0.65 + + ... . + -

25 A2 358 23 935 60 0.38 + + + - --

26 B2 365 28 77(1 59 0.47 + - + + - + +
27 A2 370 22 959 57 0.39 + + 4- 4- -f- -

28 B2 370 14 1614 61 0.23 + + + + . .. .

29 B2 383 25 826 54 0.46 . . .. . . .

30 A2 390 29 685 51 0.57 . * -

31 A2 392 30 626 48 0.63 - - - + - -

32 A2 408 17 1392 58 0.29 Yes + + + + + + -

33 A2 421 2(1 1221 58 0.34 - - + + - -

34 A2 424 16 1962 74 0.22 + + +- + - -

35 C2 426 36 463 39 0.92 + + -
36 A2 434 29 763 51 0.57 + + + 4 -
37 A2 460 31 728 49 0.63 + - -

38 A2 490 28 998 57 0.49 + + + +
39 Al 535 25 1214 59 0.44 4- +
40 A l 560 32 980 56 0.57 -

41 131 564 18 1942 62 0.29 +- + . -

42 A l 569 19 2065 69 0.28 - + 4

43 B I 587 26 1331 59 0.44 - - -

44 131 647 33 902 46 0.72 + -

45 A l 686 26 1399 53 0.49 Yes 4 - -

46 A l 822 31 1405 53 (0.59 4 -

47 A 1 902 52 52(0 3) 1.73
48 A l 1280 49 706 27 1.81

"AVT. ant iviral therapy: yes, patients were know n to ha' c been on therapy w ithin the picviou, 6 lonlhs, i Han k indicate pat lit
had not been on therapy.

Cells (10(4, dimethlIsulhiisi de IlI)MS()I and 4(l'.( fetal kall 'emn in
R I'M I meditum and . iably fro/en at 75 ̀ C

Peripheral blood mononuclear cells were purified by l-icoll-
Ifypaquc ([SMN Organon Teknika Corp., Durhanm. N('I gradi- P rih atiot mid qoaltitt 0/ o] il\cadcn'tt t R\.

ent centrifugation from heparini/cd venous blood of patients.

Separated cells were washed twice with phosphate-buffered Samples of patient cells, Iro/en as described ahove, were

saline (PBS) and aliquots were suspended in frecec mcdiumn thawed, and the number o1 viable cells counted in the presence
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of trypan blue ( >95'," viable). Aliquots ol 9 X 10" cells "-ere (JA9F. IA lO. JAIl 13. and JA1I21:i- is as desk-ribd h.s Aihenl
used for isolation of poly(A) 'RNA according to til Mi,'.r-Fast and Fenv:o. 11,ci i~ ddition of an E1oli site at the 5' end of
Track procedure Onvitrogen. San Diego, CA). The purified cacti primer. SK primers, were as dtescrbibe byr ()u 11 a!.

poly(A) * RNA was treated with RNase-frce I)Nasc 1 (40 unitsK 13-Actin primers were described b\ Michael el al.'-' Thes-0
Boehringer Mannheim, Indianapolis, IN) at 37C for 10 mmi in quences of'other primers are as folhws:
the presence of I I.Lg ofearrier tRN A, 10 mM MgCl-. 0. 1 miM SI: 5' -TI(7ICTICGAC(C(AGG(ACI'CGG(iT(*]IC-3 ( I WV-
dithiothreitol. and 200) U of RNasin (Promega. Miadison. WI). nucleotides: 226-250)
Each reaction was stopped by addition of 4 tit of 0.5 M
ethylenediaminctetratacetic acid (EDTA) and 4 ýil of 10 %4 Senv: 5'-CCACACAAC'IAIT(GC['I'A1TATT3' (HIV- I
sodium dodecyl sulfate (SDS). DNase-treated polvIA) * RNA nucleotides: 5707-5686)
was extracted once with phenol-chloroform-isoamnyl alcohol SI 1: 5' -TCC'A(GT''CCCCC'1IT1fIC'IT[TrfA AAA A -3'
(100:96:4) and the aqueous phase was precipitated by the 01I-Incetds 6186)
addition of glycogen carrier lit 10 I). 30 p.1 of 2 NI sodium di-Incetds 6 -6o
acetate, and 3 vol of cold ethanol and kept at - 70'C over-night. S413:.5' -GAiGGGG;CG(GCGACTC'(AAl1-1(I(G'IGT(5C-3'
The precipitate was collected by centrifugation. dried at room (HIV- I nuCclotides: 275-287, 5357-5368)
temperature, and dissolved in elution butter. S7B: 5' -GGGGCGGCGACI'GGAAGAAGC(GGACIA-3'

Quantlitation of polv(A) * RNA was accomplished by mecasur- (V-Incoids27-7,57569
ing the incorporation of oligo(dT)-directed incorporat .ion in the (I%-Incelds 7-8,55-59

presence of Moloney mnurine leukemnia virus (i- M uLVI reverse LA4 lv: 5' -CUI-CGGGCCTrGTCG(GGTC(CCCTC(i(GG-3'
transcriptase (RI) of[I'H jdCTP into DE I -retainable material. (IIIV-l nucleotides: 7995-7970)
using purified globin miRNA (GIBCO/BRL/Lit - Technologies. eA:5-GATAGGAG',AIGG3
Gaithersburg. MD) as astandard. A 2-fdlsaniple of each purified
RNA from above was denatured at 65'C for 3 min and then (I- uloie:91-16
added to a reaction mixture (final volumie. 20 WL) containing the 8306: 5'-TTCCGAATTICAAGCT-rGTAGAGCTAY[CGC
following: 80 U of RNasin. 0.02 OD of oligo p(dT),. ,,. 0.4 C-3' (HIV-l nucleotides: 8306-8325)
mM each of dATP. dGTP. and dTTP. 5 piCi of IiHldCTP (28 913~4: 5 '-T-rCCGAAflCGAGCTCCCAGGCTCAGATCT
Ci/mmol: ICN Radtiochemnicals. Irvine. CA). 50 mM Tris-HCI G -3 HVInueoic:9491)
(pH 8.3). 30 mM KCI, 8 mM MgClI. I mM dithiothreitol. and G-3(VInueods:94-1)
20 U of M-Mul-V RT (GIBCO/BRIL, Gaithersburg. MD). The The initial RT-PCR assay on a particular RNA preparation
reaction was incubated at 37'C for I hr and stopped by the included reactions with or without the RT. as a control. Only
addition of 4 vol of 10 mM Tris-HCI (pH 7.5) containing I mM samples that yielded no product in the absence of RT. thus
EDTA. Duplicate 50-RI samples were spotted (onto DE81 filter indicating the complete removal of DNA. were used for further
paper disks and dried. Filters were washed five times in 5% analysis. DNA products were analyzed by agarose gel electro-
sodium phosphate dibasic. once in 95% ethanol, dried. atid phoresis and ethidium bromide staining.
counted in a liquid scintillation counter. A standard curve using
50 pg to 2.5 ng of purified globin mRNA was run with each SniiiYo a n e o-ieaecanrato
assay' and was used to calculate RNA concentrations oif patient Sniiiyo a n e oveaecanrato
samples. Samples that did noit fall within the linear portion of the The plasniid pCV 1, containing 1. 8-kb insert of at cDNA copy
standard curve were diluted appropriately and the assay re- of tat mRNA. and the plasmid pCV3. containing a 1.7-kb insert
peated. of- a cl)NA copy of' nt.l mRNA." were used to determine the

senisitivity of t he to: and nel nested PCR reactions using D)NA- as

Reverme TIroniiscriltinavse-Polvmiieroise Cha~ini Reacttion a target. S I and S I I were used in both cases as the oiutside
primers (Fig- I D). With pCVI1, at least seven copies of rat DNA

The RI reaction was performed using 1.5 x It) cell equiva- could be detected in a reaction mixture when S413 and La4l\V
lents of RNA in a final volunme of'20 fit containing the following: were used as the inside primters. With pCV3 D)NA as a target and
I mM each (ifdAT3P. dCTP. dG'UP. and dTTP, 6.5 mM MgCI,. S713 and La4I V as inside primers. at least seven copies of DNA
Io nmM Tris-HCI0 (pHi 8.3., 50) mM KCI. 20 U of'RNasin. 2.5 could be detected by P(.R.
p.M random priniers )(GIICO/BRL) and 2.5 LI of M-Mul-V RI The sensitivity of the nested PCR reaction f or detection of lta
)(ilICO/t3RL). The reaction was incubated at moorn temperature and rtie RNA transcripts wkas also determined. pCV I and pC\3I
,or 1t) him and then at 42"C (or 35 miii and was termiinaited bs wecre digested with !'.stl and clonedL into Ifluescript KS ( lhar~nw-
heating a: 99"C for 5 mini. cia [.KB B~iotechnology,. Piscataway . NJ). Itluescript plasmids

Fo r PC R. the 20- p.1 react on I rom aborye w as added to a f inal were li nearized us ing Strio I or the tot plasm id or lito~ RIfor thec
volume of 5)) RI containing the firllow~ing: 400) pM each of' ,ie plasiniid. In vitro transcription products were ssnthesi/ed
dATP. (ICTP. dGTPrl. and dYFP. 10I mM Tris-HCI0 Ipit 8.3). 5)) with T3 or 17 polymierase accordin! to at standard protocol
mM KCI . 0.1)1'/r gelatin. 101 ptol if each primer. 1 .25 units of I'roiuega) using an i .n vitro transcription kit I Stratagene. La
Taq polyinerase (Aniplitaq: Cetus Corp.. Emeryville. CA) and Jolla. CA). RNA products, were tremied with l)Nase I prior ito
MgCI , as shown in liie. I F. Priitners, annealing, teinperatures. ata\sso tiin rmd-tie omleid esRNA
cycle numbers, and expected product sties tor PCR amplifica- \sas purified through two Push colunins (Stratace neC and t11e
lions are shown in Fig . 1 13-F. The genornic locations of all J A o ptical density of the finita) product was determinined and used ito
primers were given by Albert and Fenyo. 'The em- primer set calculate RNA copy number Ior P( R senisitivity anal~stsi O ur



"D)ETE('TION OF AllV-! TRANSCRIPTS 1261

nested primer method could consistently detect I0 to I(X) copies primers as , cll at both g-' and pOl primer sets, 5 saamples Aerc
of in vitro-s, nithesized transciripts. positive wt h ent -gcnoiiic priners and ,'gog orpl, priiicr sets. 4

sanmples ere posit ve wAith env-ienomic priners but neither ivat.'

nor po/ primers. and I I samples necgavt c e i"ah , t g-,'c.nroit

RESULTS primers wcre positive with aog and or po, prniels
When nested sets of primers were used Ior the detection of

htnuinohogicul characteristics of study atients spliced RNAs. the etv-spliced printer set y•iided 21 of4S (44'
!positive results, the tat set yielded 3 of 48 (0,2'4) posimte

Blood samples from the 48 patients were analyzed for immu- results, netprimers yielded 28 of 53 (53'/, ) posmitie results,. and
nological markers. CD4 ' lymphocyte counts ranged from 0 to the ne-sequence primer set ,ielded 9 of 48 (I 91, I pos)tuse
1280/mm' (mean. 352/mnm: normal range. 1(M)0-15(0/mm'): results. Discrepancies betcen the two different ntl primer sets
CD4 percentage ranged from 0 to 52'/ (mean 20';4 ) CD8 ' cell may be due to sequence heterogenitsv, as o ell a,, to the loscr
counts ranged from 37 to 2065/mm3 (mean. 924/mim): CD8 sensitivity of the nj-scquence primer set comttparcd to the net
percentage ranged from 22 to 85 (mean, 55%): and CD4/CD8 primer set.
ratio ranged from 0 to 1.8 1 (mean. o.21). The subjects are listed Kendall Tau h cot 2lation cellficients and P \aluc% s of snil-
in Table I according to increasing CD4' lymphocyte counts. icant inverse correlation,,s were determined betmeen result, of

transcript detection and immunological paramelers and clinical

Strawemii fir the detection 9, lilY RNAs parameters. [able 2' " shows tlte results 'if tlthese calculatiOrn for
transcripts that either approached or atlained statistical S1i1tn-

As shown in Fit. 1. HIV RNAs were detected with nested sets ficance when correlated with various imnmunological pararic-
of PCR primers. The locations of primers within the HIV ters. Statistical significance (at the level of p - 0.05) \was
genome and relative to each other are shown in Fig. I B-D. achieved in the correlation of gag, transcripts A ith CDI)4 cell
Primer pairs for gag and pol were designed to amplify unspliced count. CDC clinical stage. and CDC clinical/CD4 stage, /iw/
RNAs (Fig. I B), and printer pairs for eni-spliced (Fig. IC), tat transcripts with CD4UA. env-genomic transcripts with CD4'(4
(Fig. ID). nef(Fig. ID), and nef-sequence (using primers S7B and n4-sequence transcripts with CDX,%.
and NefAs in the first round and primers 8306 and 9134 in the
second round. Fig. IF) were designed to amplify ýpliced
mRNA. Whereas primers for eni-genomic are capable of ampli-
fying both unspliced and single-spliced transcripts, primers for DISCUSSION
env-spliced amplify only spliced env mRNA. Two different sets
of primers were utilized for nef mRNA which amplify products Our results support and extend the conclusions of other
of 108 bp (nef) or 828 bp (nef-sequence). For RNA preparations investigators who have documented the presence of HIV-1
in which HIV-specific transcripts were not detected, the quality transcripts at all stages of disease. Thus. we and others have
of the RNA was confirmed by RT-PCR with P-actin primers detected mRNA for structural proteins in a high percentage of
(Fig. IE). patients, and at all levels of CD4 lymphocytes." ' "' In addi-

tion. our study is the first to examine the expression of tat and nei
Detectiont of- IV RNAs mRNAs in a cross-sectional cohort of subjects. We have shown

that mRNAs for these regulatory proteins are also present in

The results of the nested PCR assays for HIV RNA with seven peripheral blood mononuclear cells of patients with CD4 cell
different sets of primers are shown in Table I . Of the 48 patient counts in the range ofO to 822 cells/mim'. Whereas tat rtRNA is
samples that were analyzed with all 7 sets of nested primers, 45 rarely detectable under the current assay conditions, nei mRNA
(93.8'r / were positive with at least I set of HIV-specific is detectable in the majorit, of HIV- I -infected individuals. The
primers. The three samples in which no HIV-I transcripts were higher level of nefd than tat transcripts mat be a reflection of
detected were obtained from patients with CD4 cell counts of similar results obtained in studies of IIIV-I infection ti
383. 587. and 902/ram ', respectively. None of the latter three vitro. 2 2 Rev is another inlportant lilY regulator,, protein. but
patients had received antiretroviral therapy. has not been included in this present analysis of patient PBM'Cs.

When nested sets of primers were used for the detection of Schnittitan et tl. used an RT-PCR technique to asses, the
unspliced RNAs. the gag primer set yielded 29 of 48 (60', I transcriptional activi' (it l-lIV- in peripheral blood mioionnu-
positive results, the pol nested primer set yielded 30 of448 (63'7e clear cells froit infected pamtieilts." l'he, tound viral transcripts
positive results, and the enm-genomic nested primer set yielded in 94(' of the individuals. recirdless of the clinical slai, of their
31 of 48 16514} ) positive. All of these primer sets should detect lilV disease or the nse oi itnlire roiiral therapies. In addition.
unspliccd RNA. whereas the env-genomic primer set should also the, showed a sigltificani itserse correlation bct\.,cci the pres-
detect spliced env RNA species. There was go(d correlation ence (if gag mnRNA and CD1)4 countts (if less than 30', . lt is
between the results with gag and pol primer sets. with 23 finding is confirmed in the present study. and estenIded bs
samples yielding positive results with both primer sets. 6 demonstrating that enm -cnroimic transcript's "cre also NiermilL-
samples yielding positive results with the ga, primer set but not cantlv associated with depresed (1)4'. and (')4('1)8 ratio. It
the pot primer set. and 7 samples yielding piositive results with remains to be deterrmined bs\ honiludmnal studies s hetlher the
the pol primer sel but not the gag primer set Discordances may presence of any of these miascripts it the peripheral blood
be due to sequence variation at sites of binding of( individual itononuclear cells of a single patient is predictive of more rapid
primers Twenty-two samples were positive with env-genolnic progression or more severe disease.
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TABLE 2. KEN DALI. TA I b C'ORR FA.~ I (ON ANA[ YS IS HiKIW JiN PI'kI SfN) Of* I I (IV -I R NA
TR.XNS(RilliS AN)) I.tMMUN0i)UXI(. I'ARAMNII&IRS

C orrel(Uilio1 (to'f/it ictiI I P1

gag -0.25 -0.24 -0.18 -0.02 -01.21 0.36 0.38
(0.03) (0.05) (0.13) (0. 90) (0.08) (0.0 1) (0.0)3)

Pot -0.17 -0.25 0-02 0.09 0_22 ((A0 0.16
,0.16) (0.04) (0.88) (0.47) (0.06) ((0.25) (1.2

tfV.it'llge -0.22 -0.29 -0.07 ((.2)) -0(.27 01.12 0. 13
(0.06) (0.02) (0.56) (0.11) (0.0)2) (((.4(0) ((0.31)

fit. (0.09 0.006 0.201 0. W10 (X(1)9 -0(.27 -0. 15
(0.94) (0.96) (0.09) ((0.43) (0.94) (0.05) ((0.24)

nefl-sq -0.08 -0.02 0.21 0.28 -0.04 -11. 09 -0.05
(0.95) (0.87) ((1.08) (0.02) (((.72) (0.53) ((0.71))

CDC classification of HI V infection based on cl inical status. Catecorics are I I) asy 111ptomiat 1C.
(2) symptomatic, non-AIDS, and (3) AIDS-indication illness.

tCDC classification of" HIV infection based on clinical status and CD4 cell counr. Abasec
catecmries are subdivided into three groups: CD4 count >500/nmm'. 200)-499/nmm'. and <2(x1)/
fiin i 1.

Schnittman etal, alsocdetected spliced mRN As containing the of the presence of gaig and enw-genomic transcripts with CD4
major splice junction (msj) and tatIrev.' Only 6 of 49 patients number and percentage support these observations.
had detectable msj transcripts whereas 29 of 49 had tail/rev The current study is limited to examining cellular RNAs
transcripts but no significant correlations with other parameters rather than free genomic RNA in the plasma. Ottmann and
were demonstrated. We detected tat mRNA in only 3 of 48 colleagues demonstrated HIV-I genomic RNA in 95% of in-
patients, nef was detected in 24 of 48, and, using nef-sequence fected individuals .2 7 and Bagnarelli and colleagues show the

primers, we detected nef RNA in 9 of48. There was a significant levels of plasma RNA correlated with disease stage better than0
(p =0.02) correlation of CD8% with the presence of transcripts did the levels of cell-associated RNAs. 2 ' The current study is
detectable with the nef~sequence primer set. The significance of also limited to examining viral transcripts in PBMCs. which
this finding with respect to disease stage or progression is not may differ from mRNAs present in tissues. Analysis of viral
certain at present. The ability of these PCR techniques to detect transcription in vivo should provide further understanding of
unspliced and spliced HIV RNAs in patient PBMCs at all stages HIV- I pathogenesis. and may serve as a marker for monitoring
of disease demonstrates the breadth of transcriptional activity of' antiviral therapies.
HIV.

Others have described analyses of PBMC RNA for tat
rnRNA. Furtado et a!. performed PCR on 6.6 X 1Ws cell ACKNOWLEDGMIENTS
equivalents (i) total cellular RNA with an internal tat RNA\
control, and calculated a range of' 25(X)-6500 copies of talt WVe thank D~avid Starkev for technical assistance. [Evan Sadler
miRNA/l0" PBMC. Patterson ei tit. used PCR-driven it' sitU and L-isa Westfield (Hloward Hug-hes Medical Institute) for
hybridization on patient PBMCs. and detected tat RNA in < I to oligonucelotides. the staff of the ACTG for collection of blood
8'ý; of'cclls. 2 'Thecdifferences between these results and our data samples. Warren Sevfried foir data collection, and Gregory
may be accounted for by the different RNA extraction methods. Storch for his co)ntinuous advice and support. This work was
different amounts of RNA in the assay, different PCR tech- supported by Contract DAMD)-90C-(X)57. and Grants Al 25903.
niques. or different primers used for PCR. ERA 373 (AC'S Research Facultv Award to L.R.. AMFAR

M ichael et (it. have demonmstrated that progress ion of' Ill V (X(1 l709. aJnd at ura n fr om bhe McI oninell Do)ug las Fimployes
disease is characteri/.cd by a conversion of transcripts from F.und.
spliced to unspliccd genomic RNA. "Schsamna and colleacues
also reported higher ratios of levels, of spliced and unspliced
rnRNA~s in asymptomnatic HIV- I -infected ',dividuals compared RIEFERENCES
to AID)S patients.2 5 These findings reflect the findings obtained
with an in vi/rn model of I IIV- I latencN, which shows a f RWiic I . oecu i hwtii'(w mid o'os~n'' (t IM (ucr
prclionileraiice Of mu1Ll(1Plc-.spliCCd over inspliccd traiiscrtpis. ( (p1m (flie 11"' 5 IQ9,.t6 (5) I
When HIV- I is activated fronm latency in vitro, the ratio of I. (ornbs RX\. (oilict AC,. Atlmn At'. Njkoi 1, Le Iiiiher NI.
unspliccd to multiple-spliced transcripts increases. 2e Although jCilrset 6. and Carev L.: tPlasma virennia in hutmin iminunodeli-

our data are not quantitative. ihe significant inverse correlaitions (:CienC sr \ruJS uiiicon N IEnp(I JMed 1989:121 6i2o~ 1616O
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